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(57) Abstract: System for deiomioing the posi Don of a I 
field snengifas of adjacent base stations and passes diese oi 

^u.^h^^h'IT '^ ri^""" ' '""^-'"'^ Seograpbic matm having associated ide.;,ificr-fiel^^^ .^.^Siild;,^ 
measured beforehand m situ. The posiuon-fioding server compares the identifier-field-slrenglh combinations transmitted by *e 
die .dennfier-neld-strength combinations stored in the dau base and calculates the position having <bc best-matching 
r-6eld-s.i8nah combuumon based dKreon. The calculated resuh may sdfl be venUTied or conected based onraugb position- 
^ * - , '™^''*^~°°"°^'^*'j"=™''>»^ nations. TTie position-finding server may lenira the 

resulttodieiernunaland/orioanod»ertenmnalortoaterniinal-moniioiingsyslemof.e.8.afleetw ~ y «eu«n me careuiaiea 
may possibly calculate the speed and direction of modon of die te " " 
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Hetbed Mid systeai for finding th« position- of sobile tamiaals. 

BftCgeaOPMP OP THE IHVBMTICM 

The invention relates to a method for finding the position- of 
nobile terminals capaJble of setting up a link with base stations of a 
cellularly set up transmiesion net-ork, a texainal measuring the 
field strength of its adjacent base stations and recording the 
conbinations of identifier and measured field strength of the i 
base stations according to the field-strength a 
invention also relates to a systen for carrying out 1 

in knoMn syatema. on the basis of the field ■ 
by a terminal of a number (e.g.. six) base stations and the (knonn) 
positions of said base stations, it is estimated by a central server 
«hat the position of the terminal is. The drawback of the kno-n 
method is that the result is no more accurate than about plus or 
Blnua 500 metres. The cause of said inaccuracy is particularly the 
disturbance of the f ield-»trength image excited by the local base 
stations as a result of landscape obstacles (forests, hills) and 
architectural obstacles (flats, electricity masts, factories, 
offices) , as a result of vhieh the field-strength image deviates far 
from the theoretical (-ideal-) field-strength image. 



L method and system with idiieh it la 



nte invention proposes 



possible to achieve a considerakbly n 



t accurate result, namely. 



location finding with an accuracy of approximately plus or minus S 
ntetres. 

The method according to the iwrention provides for the tenninal 
passing on the recorded Identifier- field- strength combinations to a 
location-finding server, comprising a data base having stored therein 
the poflit-*""- of a fine-meshed geographic matrix - having meshes of, 
e.g.. SxS metres - with associated idantifier-field-strength 
combinations measured in aitu in advance, in which location- finding 
server the identifier-fleld-stxength comblnationa transmitted by the 
terminal are conpared to the identifler-field-streigth combinations 
stored in the data base and the position having the best-matching 
identifier-field-strength combination is determined. The system 
according to the invention, suitable for iaplementlng the above 
method, comprises the position- finding server and data base having 
the identifier-field-strength coatoinationa aieasured in situ as 
already referred to. in which the identifier-field-strength 
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coBblnations tranamitted by the terminal are matched with ttaoae 
stored in the data baae. 

Aa referred to in the foregoing, the terminal is capable of 
receiving, from at least one of the adjacent base stations, rough 
posxtian>findiag data (ba-ving an accuracy of about SOO netres) . Said 
rou^ data nay be passed on. if so desired, by the temdnal to tbe 
position-finding server and be used by the position-finding server 
for verifying the outcome of the matching process. Due to this, the 
result will even gain in reUabillty. The position of the terminal, 
detemined and possibly verified by the position-finding server, may 
be returned to the mobile terminal whose poaition was determined, but 
said position, calculated by the position- finding server, may also be 
trannltted to another terminal or system, e.g. . a monitoring system 
far ndbile terminals c»f a transportation coapany. 

The method and the system according to the invention in practice 
may be ispleaented wlthoat exorbitant Investments If , as a data base 
for the position-finding server, there is utilised a data base, 
usually already present in a cellular wireless trananission system, 
which primarily serves for planning and managing the geographic 
in, field strength etc. of the base-station systm of the 
islcn BetMOKk. 

I of the position finding by the position-finding 
r may still be improved If. In the calculation of the terminal 
position, preceding position findings are taken Into aeeoaat. e.g., 
by calculntlng the speed and dixeetlon c 



1 aebanatleally shoMS an eaavlary embodiment of a system 
for finding the position of the mobile terminals 3, lAlch are capable 
of setting up a link with base stations a of a i»llularly set up 
transmisBlon network 1. A terminal 3 cain»risea means (not shown) for 
measuring the field strength of its adjacent base stations 3 and for 
recortUng the combinations of iden ti fier and measured field strength 
of the nearest base statlans, according to the field-stxeogth 
Beasurements. To the network 1. there is connected a poaition- 
fiading server 4. to lAich tbe terminal 3 passes on the recorded 
identifler-field-Btrength coablnatloos. The position-finding server 
4 eooctrlses a data baae S having stored therein the positions of a 
fine-meshed geographic matrix having associated identifier-f ield- 
s measured in advance in situ. The position- 
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^ 4 ca«pares the identifier- field- strengUx combinations 
'"tltir^ the iaentitier-f ield-stren^h 

. a., .ase S ana aete^ -^o.ition .i. 
iTl^st-n^tching identif ier-£ield-Btrength contoxnation. 
xl ^ Clarify all thi- ^ * 

a^ric the ter^naX 3 is located at ^ ^^^^^^^^ ^ 
.er«inaX3.eta.palin.---^et^rK^s^^ 
^ ^Titian-finding «ervet « by nay of the base aw^ 

'i"r^i riiTi^-.^ 

Btationa denoted mr 6. ..eaBured field 

strength for eacB oi ^ 

^ fniicMfina cortblnationBs "OSS 131 ' "» 

records the f olloi*ing com.*— „„fcer« asainst then 

^«.a«.. the Btatioa identifier and the nuntoers agau» 
letters denote the statxoa ^ t„«i«a. 



„ the field .trength ■^T"**/' ^„ c«««cted a poeition. 



^<^. •The no8ltiein-fl«tt»9 Benr« - ^ 

til t^^tha ponition. of a f i-e.i«d«d g«>graphic 
""tr ^I^ted i^tifier-f ild-strength c-*.inationa 

.patrix ha^ng aaeociaten cantento of data 5 

negliglhly a-ll i« -aid are«i. 
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FIG. 9 
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-1- 

SYSTEM FOR DETECTION OF POSITION 
OF RADIO MOBILE STATION 

The present invention relates to a system for 
detecting a position of a radio mobile station, which may 
be carried by a person or by an object in a wireless 
radiocoimnunication system, which are capable of 
accomplishing the detection of the position of the mobile 
station with a high accuracy. 

In wireless communication fields such as ponable radio 
telephone systems and personal handy-phone systems (PHS). a 
radio wave strength (an electric field strength) level at reception .' 
varies in accordance with the distance from a base station. This 
signifies that the detection of ihc strength Jevels of radio waves 
picked up from a plurality of base stations in a mobile station side 
allows the detection of the position of the mobile station, i.e.,.. the 
position of a person or object who or which caixies the mobile 
station. However, in the case of radio communication systems such 
as prior portable telephones and PHSs where a plurality of radio 
zones constitute a service area, the specificauon of the present 
location of a mobile station is limited to within a relatively wide 
area being the range of a radio zone of a base station which 



-2- 



accepted the position registration of the mobile station (the range of 
a general calling area composed of a plurality of radio zones 
including the radio zone of the base station which accepted the 
position registration). 
5 For the accurate detection of the location of the mobile 

station, for example, in the "Mobile Station Position Detection 
Method" disclosed in Japanese Unexamined Patent Publication No. 
2-44929, applying the fact that the radio zones of a plurality of 
base stations overlap with each other, the present location of the 

1 0 mobile station is specified to a smaller area than the radio zone of 

one base station on the basis of the mobile station reception radio 
strength levels from the plurality of base stations and the electric 
field strength map in the radio zone of each of the base stations. 
The outline of the typical arrangement of the position detection 
15 method disclosed in Japanese Unexamined Patent Publication No. 2- 
44929 will be described hereinbelow with reference to Fig. 20. 

A radiocommunication system, introducing this prior mobile 
station position detection method, as shown in Fig. 20, comprises 
base stations 2802. 2803. 2804 respectively having radio zones 

2 0 2805. 2806. 2807, a mobile station 2801 existing in these radio 

zones, a mobile communication control station 2808 for taking 
charge of control of conununications between the base stations or 
between the base stations and a wire network, and a position 
information center 2809 for detecting the position of the mobile 
2 5 station 2801 on the basis of the information attainable through the 



mobile communication control station 2808. The positional 
information center 2809 is composed of a positional information 
transmission and reception unit 2810 for collecting information 
about reception radio strengths of the respective base stations 
5 2802. 2803. 2804 and an electric field strength map 2811 

indicative of the electric field strength distribution of the respective 
radio, zones 2805. 2806, 2807. 

The mobile station 2801 stands in a spot at which the radio 
zones 2805, 2806. 2807 of the plurality of base stations 2802. 
) 2803. 2804 overlap with each other and. hence, can receive radio 
waves transmitted from the base stations 2802, 2803. 2804. If the 
mobile station 2801 is not in a connected communication state with 
a specific base station, the mobile station 2801 is capable of 
receiving radio signals (for example, information including 
identifiers of the base stations, intermittently transmitted through 
control channels) from these base stations 2802. 2803. 2804. 

When receiving the radio signals transmitted from the base 
stations 2802. 2803. 2804. the mobile station 2801 measures the 
strength levels of these radio signals and transmits the reception 
radio strengths on the respective base stations 2802. 2803. 2804. 
together with the base station identifiers, through any one of the 
base stations 2802. 2803. 2804 to the mobile communication 
control station 2808. The mobile communication control station 
2808 communicates the reception radio strengths on the base 
stations 2802, 2803, 2804 from the mobile station 2801. toward the 



positional information transmission and reception unit 2810 of the 
positional information center 2809. The positional information 
center 2810 stores the electric field strength map 2811 made in 
advance and representative of the electric field strength 
distribution in the radio zones of all the base stations, the mobile 
communication control station 2808 manages, in the form of field 
strength contours. In the positional information transmission and 
reception unit 2810. on the basis of the electric field strength map 
2811 on the base stations 2802. 2803 , 2804. the field strength 
D contours corresponding to the reception radio strength levels on the 
base stations 2802. 2803. 2804 from the mobile station 2810 
drawn to attain an area in which the respective field strength 
contours intersects with each other. This area is a spot detected as 
the position at which the mobile station exists. Thus, the position 
5 detection method disclosed in Japanese Unexamined Patent 
Publication No. 2-44929 can specify the position of the mobile 
station to within a smaller range than the radio zone of one base 
, station, thereby realizing a position detection with a high accuracy. 

However, for applying the position detection method written 
0 in Japanese Unexamined Patent Publication No. 2-44929. it is 

necessary that the electric field strength map on the base stations 
constituting a service area is known in advance. In general, the 
electric field strength distribution on some base station is affected 
by various obstacles or reflectors (roads, houses, buildings and 
15 others in the outdoor places, and floors, ceilings, partitions and 



other in the indoor places) which exist within its radio zone, very 
difficulty is encountered to predict this electric field strength map 
from the radio wave characteristic of the base station, and 
therefore, detailed measurements using a field strength meter or 
: the like are required in order to find the electric field strength map 
at every base station. In fact, for example, in Fig. 4 (p. 773 (61)) of 
"Arrangement of PHS Terminals" written by Nakamura. Akazawa. 
Oka and Mizutori in the Document "NTT R&D" No. 9 (Vol. 44) 1995, 
pp. 769 (57) - pp. 774(62). there has been shown an electric field 
strength distribution on a PHS base station in a house. Referring to 
this, the PHS electric field strength distribution obviously assumes 
an extremely complicated configuration in a room. 

For this reason, for improving the position detection accuracy 
in this method, a more accurate electric field strength map is 
required to be obtained through measurements. However, the 
measurements of the electric field strength distributions on all the 
base stations cost exceedingly much labor. Accordingly, the 
detection of the position of the mobile station with a higher 
accuracy than that due to the radio zone of one base station is 
approximately impossible or extremely difficult if taking into 
consideration the exceedingly much labor for the production of the 
electric field strength map. 

Moreover, for eliminating the above-mentioned problem, the 
report "Study on Mobile Station Position Detection Based upon 
Reception Level Information" Electronic Information 



Communication Scientific Society Autumn Meeting B-269 (1993) 
presents a method to specify the present location of a mobile 
station to within a range smaller than a radio zone of one base 
station through the use of mapping table of reception radio strength 
levels from a plurality of base stations received by the mobile 
station and a position (X. Y) of the mobile station by using the fact 
that the radio zones of the plurality of base stations overlap with 
each other. This position detection method will be described 
hereinbelow with reference to Fig. 21. For the basic data for the 
position detection, reception radio strength levels from a plurality 
of base stations are measured at points within a service area 
the positions (X. Y) of the measuring points and the radio strength 
levels (El, E2, E3, E4 and E5) from base stations BSl, BS2, BS3, BS4 
and BS5 received there are made to correspond to each other and 
accumulated in a database in a center processing section in 
advance. In the case of detecting the position of the mobile station, 
radio strength levels (El*. E2', E3', E4" and E5') received from the 
plurality of base stations are transmitted to a center to be checked 
with the closest radio strength levels of the radio strength levels 
accumulated in the database of the center to estimate the position 
(X', Y') of the mobile station. Thus, the position detection method 
described in the report "Study on Mobile Station Position Detection 
Based upon Reception Level Information" can estimate the position 
of the mobile station within a range smaller than the radio zone of 
one base station. 



There is a problem which arises with this position detection 
method, however, in thai since the estimation of the position is 
made in the manner that the closest reception radio strength data is 
retrieved in the position database, the estimated position is limited 
10 the actual measuring points. In addition, in general the 
recognition of a place is made with a floor or room number in the 
case of an indoor place and with a building or inherent area name 
in the case of an outdoor place, and the recognition using the 
coordinates is inconvenient in many cases. Accordingly, in the case 
of detecting the position expressed with such a discrete value, it is 
considered that this position detection method is made such that, 
for example, the correspondence between room numbers and 
coordinates is prepared in advance and the estimated position of 
the mobile station is convened into a room number. However, the 
the position estimated in terms of a room greatly differs from the 
position estimated with respect to the vicinity of the boundary ' 
between rooms, and hence, even if the closest point is specified on 
the reception radio strength levels, the error rate increases so that 
difficulty is encountered to know the degree of the reliability of the 
position detection. 



According to a first aspect of the present invention 
there is provided a system for detecting a position of a 
radio mobile station in a wireless radiocommunication 
system for radioconraiunications between said mobile 
station and a plurality of base stations, said detection 
system comprising: 

a radio strength data storage section for retaining 
radio strength data including positional information of a 
plurality of measuring points expressible with a 
continuous value and reception radio strength levels from 
said plurality of base stations at said plurality of 
measuring points; 

a position detection section for comparing said 
radio strength data in said radio strength data storage 
section with radio strength levels at a position 
detecting point; and 

an error radio strength data storage section for 
retaining a plurality strength data involving small 
errors of errors serving as comparison references in said 
position detection section, and further for retaining the 
corresponding position information at that time, 

wherein said position detection section estimates 
and detects a position of said mobile station on the 
basis of said plurality of radio strength data stored in 
said error radio strength data storage section so that 
the detected position is not limited to said measuring 
points but is within a range smaller than an interval of 
said measuring points. 

According to a second aspect of the present 
invention there is provided a system for detecting a 
position of a radio mobile station in a wireless 
radiocommunication system for radiocommunications between 
said mobile station and a plurality of base stations, 
said detection system comprising; 

a radio strength data storage section for retaining 



radio strength data including positional infonr.ation of a 
plurality of measuring points expressible with a discrete 
value and reception radio strength levels frora said 
plurality of base stations at said plurality of measuring 
points; 

a position detection section for comparing said 
radio strength data in said radio strength data storage 
section with radio strength levels at a position 
detecting point; and 

an error radio strength data storage section for 
retaining a plurality of radio strength data involving 
srr^all errors of errors serving as comparison criterion in 
said position detection section, and further for 
retaining the corresponding positional information at 
that time, 

wherein said position detection section estimates 
and detects a position of said mobile station, 
expressible with a discrete value, on the basis of said 
plurality of radio strength data stored in said error 
radio strength data storage section. 

The hereinafter described embodiments of the present 
invention can provide a radio mobile station position 
detection method which is capable of accurately and 
simply finding the position of a mobile station to 
promote the reliability of the position detection and a 
radiocommunication system based upon the aforesaid 
position detection method of the mobile station. 



In a F^s^ticn detection method cf a mobile station 
according to a further aspect cf the present invention, 
the mobile station measures the reception 

radio wave (electric field) strength levels from a plurality of base 
stations at a measuring point to convey the measurement results 
through a base station to a control station, while the control station 
uses a neural network to learn a correlation between the reception 
radio strength levels and the position of the mobile station on the 
basis of the measurement results at a plurality of measuring points 
and the positional data at the measuring points. Further, when the 
mobile station sends the measurement results of the reception 
radio strengths from the plurality of base stations measured at the 
plurality of measuring points, the control station estimates the 
position of the mobile station bearing the measurement results on 
the correlation between the reception radio strength levels and the 
positions of the mobile station obtained through the learning. 

In addition, the control station communicates the structure of 
the neural network experiencing the learning to the mobile station, 
so that the mobile station measures the reception radio strength 
levels from the plurality of base stations to detect its own present 
position on the basis of the measurement results. Further, the 
plurality of base stations measure the reception ratio strength level 
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from the mobile station at a measuring point and conveys the 
measurement results to the control station which in turn, learns the 
correlation between the reception radio strength level at each of 
the base stations and the position of the mobile station through the 

> neural network on the basis of the measurement result in each of 
the respective base stations and the positional data at the 
measuring point. When the respective base stations transmit the 
measurement results on the reception radio strength levels of the 
radio wave emitted from the mobile station at a given point, the 

» control station estimates the position of the mobile station on the 
basis of the correlation it learns. 

:err,=re, m e wireless rediocsnirr.u-ication sysrerr, acrcrdinc zo 
:urr:.er asperr cf rhe present invenricn. a mcbiie staricr is enuippid 

^vith radio strength measuring means for measuring the reception 
radio strength levels from a plurality of base stations, whereas a 
conirol station is provided wiih position input means for accepting 
or inputting the position of a measuring point, position learning 
processing means for learning, through a neural network, the 
correlation between the reception radio strength levels measured 
by the mobile station at a plurality of measuring points and ihe 
position of the measuring point inputted from the position inputting 
means, and position estimation processing means for. using the 
reception radio strength levels from the plurality of base stations 
measured by the mobile station at a given point, estimating the 
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posiiion of the mobile station at the measuring time on the basis of 
the correlation the position learning processing means learns. 

In addition, the mobile station is equipped with learning 
result storage means for storing parameters of the neural network 
conveyed from the control station and position calculation means 
for constructing a neural network through the use of the 
parameters to detect its own position. Further, each of the base 
stations is provided with radio strength measuring means while the 
control station includes position input means for accepting the 
position of the measuring point, position learning processing means 
for learning, through a neural network, the correlation between the 
reception radio strength levels from the mobile station measured 
by the respective base stations and the position of the measuring 
point, and position estimating means for estimating the position of 
the mobile station on the basis of the reception radio strength 
levels from the mobile station measured by the respective base 
stations. 

Thus, if the detection of the 
position of the mobile station is accomplished through the learning 
by the neural network, the measuring work at the preparation 
stage is satisfied with the measurements of the reception radio 
strength levels at a typical measuring point, with the result that the 
working quantity can be reduced in the preparation stage. 

In accordance with an aspect of the present invention, in a 
) position detection method for detecting a mobile station in a 



wireless radiocommunication system including the mobile station, 
base stations and a control station, the mobile station measures the 
reception radio strength levels from a plurality of base stations at a 
measuring point and communicates the measurement results 
5 through the base station to the control station which in turn, learns, 
through a neural network, the correlation between the reception 
radio strength levels and the position of the mobile station on the 
basis of the measurement results at a plurality of measuring points 
and the positional data of the measuring points, and when the 
0 mobile station conveys the measurement results of the reception 
rad.o strength levels from the plurality of base stations measured 
at a given point through the base station to the control station, the 
control station estimates the position of the mobile station 
producing the measuring results on the basis of the correlation 
between the reception radio strength levels and the positions of the 
mobile station attained through the learning. Accordingly, owing to 
the learning of the correlation between the positions of the mobile 
station and the reception radio strength levels from the plurality of 
base stations at that point, the estimation of the position of the 
mobile station is possible on the basis of the electric field strength 
levels of the plurality of base stations the mobile station receives at 
the given point. 

Furthermore, another aspect of this invention is that the 
measuring points are determined in advance and each of the mobile 
stations measures the reception radio strength levels from a 
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p,„a,i,>. of base s«.ions a, own n,.asuri„s poim so .ha, .he 
.earnin. is n,ade of .he cone.a.on be,«en .he recep.ion .ad.o 

.eas^ed a. ,he n,easuH„s PO.n. prede.ern>ined .n 
pos,.,on beforehand and .he posLion of .he measuring poin.. S..11 

Charging .he mobile s.a.ion s.ands so .he recep.io„ rad.o 

for .he charging. The con.ro, s.a.ion learns .he aforesaid 
,0 correla.ion on .he basis of .he positional da.a of .he charger and .he 
repor.ed recep.ion radio sirenglh levels. 

Moreover, a further aspect of .his inven.ion is d.a< r 
„a,ion communicates .he positional da.a of a measuring 
,He reception rad.o strength levels from a plurality of base stations 
measured at .he measur.ns po.nt through .he base station to a 
' control station. The mobile s.a.ion measures .he reception rad.o 

o.n posi.ion through .he input by the user or through a posi..on 

,0 levels and its own position to the con.rol s.a..on. Th. -...M 
station learns the aforesaid correla.ion on U,e basts c 
of .he mobile s.a.ion and .he recep.ion radio s.reng.h leve.. 

point. 

in addition, a further aspect of .his invention is U,at the 
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pluraliiy of base stations plural times at the same measuring point 
or an arbitrary point and statistically processes the plurality of 
measurement values to output the obtained single value as a final 
measurement result, which can enhance the accuracy of the 
5 measurement result in the mobile station. Further, when the 
mobile station conveys the measurement results of the reception 
radio strength levels from a plurality of base stations measured at 
an arbitrary point through the base station to the control station, 
the control station estimates the position of the mobile station 
10 corresponding to the measurement results on the basis of the 
correlation between the reception radio strength levels and the 
positions of the mobile station obtained through the learning and 
con^unicates the estimation result to the mobile station. 
Accordingly, the user who carries the mobile station can find his 

1 5 own position through the inquiry to the control station. 

Furthermore, a further aspect of this invention is that, when a 
mobile station inquires for the position of a different mobile station, 
a control station gives instructions to the different mobile station to 
measure the reception radio strength levels from a plurality of base 

2 0 stations and to report them, and in response to the report of the 

measurement results, the control section estimates the position of 
the different mobile station on the basis of the measurement 
results and conveys the estimation result to the mobile station 
which made the inquiry therefor. Accordingly, the user who carries 



ihe mobile station can find the position of a person carrying the 
different mobile station by the inquiry to the control station. 

Still further, a control station successively stores the 
estimation results of the position of a mobile station, and when 
estimating the position of the mobile station on the basis of a new 
measurement result, the control station decides, on the basis of the 
past positions of the mobile station, whether or not the estimated 
position of the mobile station is appropriate. If not appropriate, the 
control station gives instructions to the mobile station lo again 
make the measurements. Thus, the reliability of the estimation 
results can improve through this procedure. Besides, the mobile 
station measures the reception radio strength levels from a 
plurality of base stations at a given equal time interval and conveys 
the measurement results through the base station to the control 
station. The control station obtains the position of the r. 
station at the equal time interx-al on the basis of the measuremsr.. 
results and stores them in time series, with -he result that it is 
possible to more accurately judge the appropriateness of the 
position of the mobile station newly estimated. 

In addition, a further aspect of this invention is that a control 
station converts the reception radio strength level transmitted from 
a mobile station into a theoretical distance between the mobile 
station and a base station and learns, through a neural network, the 
correlation between this theoretical distance and the position of the 



mobile station, so that the learning processing becomes easy and 
the improvement of the learning accuracy becomes possible. 

Moreover, in a position detection method for detecting the 
position of a mobile station in a wireless radiocommunication 
5 system equipped with the mobile station, a plurality of base 

stations and a control station according to this invention, the mobile 
station measures the reception radio strength levels from the 
plurality of base stations at a measuring point and communicates 
the measurement results through the base station to the control 
3 station, which in turn, learns, through a neural network, the 
correlation between the reception radio strength levels and the 
positions of the mobile station on the basis of the measurement 
results at a plurality of measuring points and the positional data of 
the measurement pomts and further conveys the parameters of the 
neural network obtained through the learning to the mobile station, 
while the mobile station constructs a neural network through the 
use of the parameters and detects its own position on the basis of 
the reception radio strength levels from the plurality of base 
stations measured at an arbitrary point through the use of the 
constructed neural network. Wuh this method, the mobile station 
can detect its own position without the inquiry to the control 
station. 

In addition, a control station learns, through a neural 
network, the correlation between the reception radio strength 
levels and areas such as a room and. a zone having an extension in 



which a mobile station stands, with the result that the room or zone 
,n which a person carrying the mobile station exists is detectable 
and it is possible to present a plurality of places as the candidates 
for the person's whereabouts. 

Furthermore, in a position detection method for detecting the 
position of a mobile station in a wireless radiocommunication 
system equipped with the mobile station, base stations and a 
control station, each of the base stations measure: the reception 
strength level of a radio wave emitted from the mobile station 
standing at a measuring point and conveys the measurement result 
to the control station, while the control station learns, through a 
neural network, the correlation between the reception radio 
strength levels and the positions of the mobile station on the basis 
of the measurement results at a plurality of measuring points and 
ihe positional data of the measuring points, and when each of the 
base stations measures the reception radio strength level of a radio 
^vave emitted from the mobile station standing at an arbitrary 
point and conveys the measurement result to the control station, 
the control station estimates the position of the mobile station 
) bearing the measurement results on the basis of the conelation 
between the reception radio strength levels and the positions of the 
jnobile station obtained through the learning. Thus, it is easily 
applicable to a system such as a mobile radio telephone system and 
PHS where a plurality of base stations measures the radio wave 
5 transmitted from a mobile station. 



Moreover, in a wireless radiocommunication system equipped 
with a mobile station, base stations and a control station and 
allowing the control station to detect the position of the mobile 
station, the mobile station is equipped with radio strength 
» measuring means for measuring reception radio strength levels 
from a plurality of base stations, while the control station is 
provided with position input means for receiving the position of a 
measuring point, a position learning processing means for learning, 
through a neural network, the correlation between the reception 
radio strength levels by the mobile station at a plurality of 
measuring points and the positions of the measuring points 
inputted through the position input means, and position estimation 
processing means for estimating, on the basis of the reception radio 
strength levels from the plurality of base stations measured by the 
mobile station at an arbitrary position, the position of the mobile 
station at the measuring time through the use of the correlation the 
position learning processing means learn. Thus, the detection 
method based upon the learning by the neural network is 
practicable for the position detection of the mobile station. 

Furthermore, a mobile station is equipped with radio strength 
. measuring means for measuring the reception radio strength levels 
from a plurality of base stations, whereas a control station is 
provided with position storage means for storing the position of 
each of measuring points and an identifier of the mobile station 
corresponding to the measuring point, position learning processing 



means for learning, through a neural network, the correlation 
between the reception radio strength level measured at the 
measuring point by the mobile station and the position of the 
measuring point stored in the position storage means, position 
estimation processing means for estimating the position of the 
mobile station at the measuring time on the basis of the reception 
radio strength levels from the plurality of base stations measured 
by the mobile station at an arbitrary point through the use of the 
correlation the position learning processing means learns. This 
) system can adopt a position detection method in which the learning 
is conducted using the reception radio strength level measured by a 
predetermined mobile station at a predetermined measuring point. 

In addition, for charging a mobile station is located at a 
measuring poini. so thai the mobile station reports the reception 
5 radio strength level measured during the charging to a control 
station whereas the control station learns using the reception radio 
strength level and the position of the charger known in advance. 
Further, at the position of the measuring point, there are situated a 
learning data collector provided with radio strength measuring 
0 means for measuring reception radio strength levels from a 

plurality of base stations and transmission and reception means for 
transmitting the measured radio strength levels through the base 
station to a control station and further for receiving a control signal 
from the control station, with the result that the control station can 
5 learn using the reception radio strength levels sent from the 
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learning data collector at regular intervals or in accordance with 
commands. 

Furthermore, a mobile station is equipped with radio strength 
measuring means for measuring the reception radio strength levels 
5 from a plurality of base stations and position input means for 

taking in its own position information, whereas a control station is 
provided with position learning processing means for learning, 
through a neural network, the correlation between the reception 
radio strength levels measured by the radio strength measuring 
1 0 means of the mobile station and the position of the mobile station 
at the measuring point inputted from the input means and for 
storing the learned correlation therebetween, and position 
estimation processing means for estimating the position of the 
mobile station at the measuring time on the basis of the reception 
15 radio strength levels from the plurality of base stations measured 
by the mobile station at an arbitrary point through the use of the 
correlation the position learning processing means learns. This 
system can realize a position detection method in which the mobile 
station takes in its own position through the operation by the user 
2 0 or through a different position detection device in addition to the 
measured reception radio strength levels and the control station 
learns using these data. 

Furthermore, the control station is equipped with radio 
strength report requestmg means for transmitting a radio strength 
2 5 report requesting message to the mobile station so that the mobile 
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staiion measures the recepiion radio strength levels from the 
plurality of base stations and reports the measurement results 
thereto. Accordingly, the control station can request the radio 
strength measurement data from an arbitrary mobile station when 
necessary. Still further, the mobile station is equipped with self 
mobile station position inquiry means for issuing a measurement 
request for radio strength levels to the radio strength measuring 
m^ans. and when receiving the reception radio strength levels 
measured by the radio strength measuring means, the control 
station estimates the position of the mobile station and informs the 
mobile station of the estimation result. In this system, the user of 
the mobile station can operate the self mobile station position 
inquiry means to inquire to the control station for its own present 
posuion. In addition, the mobile station is provided with different 
mobile station position inquiry means for transmitting a request for 
the inquiry for the position of a differeni mobile station to the 
control station, and when the control station receives this request, 
the radio strength report requesting means issues a radio strength 
report request message to the different mobile station whose 
) position is inquired and. in response to the report on the 

measurement result of the radio strength levels from the differeni 
mobile station, the control station estimates the position of the 
differeni mobile station on the basis of measurement result to 
inform the mobile station, which made the inquiry, of the 
5 estimation result. According to this system, the user who carries 
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ihe mobile station can operate the different mobile station position 
inquiry means to inquire to the control station for the position of 
the person who carries the different mobile station. 

Moreover, the control station is equipped with position 
accumulation means for accumulating the information on the 
positions of the mobile station estimated in the position estimation 
processing means in time series and history decision means for 
deciding, on the basis of the transition of the position of the mobile 
station with time accumulated in the position accumulation means, 
whether the position of the mobile station estimated by the position 
estimation processing means is appropriate or not. If the history 
decision means makes a decision to that it is not appropriate, the 
radio strength report requesting means transmits the radio 
strength report requiring message to the mobile station. According 
to this s>'stem. in the case that an inproper estimation result arises 
due to a large variation of the electric field distribution of the base 
station, the measurement is resumed, thus enhancing the accuracy 
of the estimation result. 

In addition, the mobile station is equipped with at least two 
frequency synthesizers, and even if one frequency synthesizer 
synchronizes with a communication carrier at the call, the radio 
strength measuring means measures the radio strength levels from 
a plurality of base stations through the use of the other frequency 
synthesizer. Thus, the mobile station can perform the 
measurements of the reception radio radio strength levels 



irrespective of the call. Furiher, the control station is provided with 
distance calculation means for calculating the distance between the 
mobile station and each of the base stations as a function of of the 
reception radio strength levels from a plurality of base stations 
5 measured by the mobile station through the use of a theore.iril 
electric field strength distance characteristic obtainable from the 
outputs and frequencies of the base stations, and the position 
learning processing rucans learn, through a neural network, the 
correlation between the calculated distance and the position of the 
1 0 measuring point. This system permits the position estimation with 
a high accuracy through the use of the calculated theoretical 
distance for the learning. 

Furthermore, the mobile station is equipped with learning 
result storage means for storing the parameters for a neural 

1 5 network conveyed from the control station and position calculation 

means for constructing a neural network using the parameters 
stored in the learning result storage means to detect its own 
position on the basis of the reception radio strength levels from a 
plurality of base stations measured at an arbitrary point through 

2 0 the use of the constructed neural network. This system can adopt 

the above-mentioned position detection method in which the 
mobile station detects its own position without the inquiry to the 
control station. Still further, the control station learns the 
correlation between the reception radio strength levels and the 
2 5 area in which the mobile station stands, through a neural network 
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includino nodes of an input layer accepting the reception radio 
strength levels from a plurality of base stations and nodes of an 
output layer corresponding in number to the areas defining the 
range of an object under detection such as a room and a zone. This 
5 system can conduct the above-mentioned position detection method 
which detects the room or zone where a person carrying the mobile 
station exists or presents a plurality of places as the candidates for 
the person's whereabouts. 

Moreover, in a wireless radiocommunication system equipped 
3 u-ith a mobile station, base stations and a control station and made 
such that the control station detects the position of the mobile 
station, each of the base stations is provided with radio strength 
measuring means for measuring the reception radio strength- level 
from the mobile station, while the control station is equipped with 
position input means for accepting the position of a measuring 
point, position learning processing means for learning, through a 
neural network, the correlation between the reception radio 
strength level of the radio wave emitted from the mobile station at 
the measuring point and measured by the base station and the 
position of the measuring point inputted through the position input 
means, and position estimation processing means for estimating the 
position of the mobile station on the basis of the reception radio 
strength level from the mobile station measured by each of the 
base stations through the use of the correlation the position 
learning processing means learns. This system can introduce the 
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above-mentioned position detection method in which a plurality of 
base stations measure the radio wave from the mobile station to 
detect the position of the mobile station. 

In addition, in a mobile station position detection method 
5 according to this invention, the radio strength levels from a 

plurality of base stations at a measuring point within a service area 
are measured plural times and accumulated in a radio strength data 
storage section which makes a corresponuing relation (mapping) 
between the reception radio strength levels and a position 
10 expressible uhh a continuous value such as coordinate, and the 
reception radio strength levels in the radio strength data storage 
section are compared with reception radio strength levels at a 
position detecting point at the time of the position detection, and 
when a position detection section estimates the posuion of the 
1. n^obile station by introducing such a statistic method as to calculate 
a weighted mean of a plurality of radio strength data that the radio 
strength level comparison result shows a small error. Accordingly, 
the estimated position is not limited to the actual measurement 
point and the position of the mobile station can be estimated within 
20 a range smaller than a distance between the measuring points. 

Furthermore, of the reception radio strength levels and the 
position coordinates accumulated in a radio strength data storage 
section, the position coordinates are accumulated as a position 
expressible with a discrete value, and the radio strength data in the 
0. radio streneth data storage section are compared with the reception 
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radio strength Jevels at the position detection so that the position of 
the mobiJe station is estimated by employing . statistic method in 
^^■hich. for example, a position detection control section malces a 
majority decision using a plurality of radio strength data that the 
5 radio strength comparison result shows a small error, and the 

degree of the reliability of the position detection is found through, 
for example, a statistic method to use the rate of the estimated ^ 
position to a plurality of extracted radio strength data. 

According to this invention, a wireless radiocommunication 
J 0 system which performs radiocommunications between a mobile 
station and a base station is equipped with radio strength data 
storage section for retaining positional information on a plurality of 
measuring points expressible with continuous values and radio' 
strength data including reception radio strength levels from a 
^ ^ plurality of base stations at the respective measuring points, a 
position detection section having means for comparing the radio 
strength data in the radio strength data storage section with radio 
strength levels at a position detecting point to estimate the position, 
an error radio strength data storage section for holding a pluralhy 
2 0 of radio strength data involving a small error on the comparison in 
the position detection section, and the position detection section 
performs the position detection using the plurality of radio strencth 
data in the error radio strength data storage section. Thus, the 
estimated posh.on is not hmited to the actual measuring point but 
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,he pomion can be eutaa.ed wivh a range smaller >han .he interval 

between the measuring points. 

Funhern^ore, according lo ihu invention, a wireless 
rad>ocommunication system which performs radiocommunications 
between a mobile station and a base station is equipped with radio 
strength data storage section for retaining positional information on 
a pluramy of measuring points expressible w^ith discrete values and 
.ad>o strength data includ..g reception r.dio strength levels f.om a 
plurality of base stations at the respective measuring points, a 
position detection section having means for comparing the radio 
strength data in the rad)o strength data storage section w^ith radio 
streneth levels at a pcsinon detecting point to estimate the position, 
a. error radio strength data storage section for holding a plurality 
of radio strength data which produce a small error in the 
coir.panson in the position detection section, and the position 
detection section performs the position detection expressible with 
:he discrete values, using the plurality of radio strength data in the 
error radio strength data storage section. At the position detection., 
the radio strength data in the radio strength storage section is 
compared with the reception radio strength levels taken for the 
position detection, and a position detection control section estimates 
the position by, for example, employing a statistic method to make 
a majority decision on the plurality of radio strength data in the 
error radio strength data storage section which make a small 
: . comparison error and further estimates the degree of the reliability 



of ihe obtained position by. for example, employing 2 statistic 
method to calculate the rate of the estimated position to the 
plurality of radio strength data. 

In addition to these arrangements, a position detection 
' knowledge section is provided which has a knowledge on a person 
carrying the mobile station and an action rule or schedule of that 
person, and the position detection section carries out the position 
detection through the use of the plurality of radio strength data in 
the error radio strength data storage section and the knowledge in 
the position detection knowledge section. Because of using the 
knouJedge on a person and an action rule and schedule of that 
person at the position estimation, it is possible to remove data with 
a low possibility of movements such as the inhibition of entry into a 
room but ID select data with a high possibility of movements, with 
the result that the position detection can improve in accuracy. 

Furthermore, a position detection knowledge section is 
provided which has knowledge on the relationship between a 
plurality of positions expressible with discrete values, and the 
position detection section conducts the position detection using a 
plurality of radio strength data in the error radio strength data 
storage section and the knowledge in the position detection 
knowledge section. Through the use of the knowledge on the 
relationship between the plurality of positions expressible with 
• discrete values, it is possible to exclude, of the plurality of radio 
strength data held in the error radio, strength data storage section. 
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the da;a remoie in connection, and it is possible to decide whether 
or not it corresponds to the vicinity of the boundary between 
rooms, thus developing the position detection accuracy. 

Still further, the position detection is conducted in such a 

5 manner that the number of radio strength data held in the error 
radio strength data storage section is changed in accordance with 
the degree of the error between the radio strength levels at the 
position detecting point and the radio strength data in the :adio 
strength data storage section. Since the number of the radio 

] 0 strength data in the error radio strength data storage section varies 
in accordance with the degree of the error, the improvement of the 
position detection accuracy is possible. 

Moreover, the position detection section is equipped with a 
position accumulation section for accumulating short-term positions 

1 5 the petition detection section estimates in the past and a history 

decision section for deciding the appropriateness of the estimated 
position on the basis of the radio strength data held in the error 
radio strength data storage section. The appropriateness of the 
estimated position is judged in a manner that the moving situation 

2 0 is decided on the basis of the latest estimated position of the mobile 

station in the past and that time and further the present position 
and the time at that position. If not appropriate, the position 
detection is again conducted. Since the moving speed or the locus is 
calculated on the basis of the short-term history to decide the 



appropriateness of ihe cstimaied position, ihe position detection 
can improve in accuracy. 

In addition, in place of accumulating the short-tcrzD positions 
estimated in the past, a long.tenD history is established and held 
5 by accumulating the past experiences such as the places to which 
t>^e iDobiJe station has moved in the past and the frequency of the 
movements in the shon terms to decide, on the basis of the past 
ffiovement experiences of the mobile sution. ^-hether the estimated 
pcsiiior. is appropriate or not. If not appropriate, the position 
0 deieciion is a^ain conducted. Since the appropriateness of the 
position estimated by the possible movement range of the mobile 
sution on the past experiences of the mobile station is judged from 
the long-term history, the improvement of the position detection 
accurary is possible. 

The features of the preeent iaveotion will become aore 
readily apparent from the following detailed description "of 
exeaplary eiibodixnents and the accoiiT>anying drawings, in 
which: 

Fjg. 1 is a block diagram showing an ajrangement of a 
radiocommunication system which adopts a position detection 
iE=i>.od according to a first embodiment of the present invention; 

FiS- 2 is an illusL-ation of an image of the radiocommunication 
system based upon the position detection method according to the 
first embodiment; 
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Fig. 3 shows an example of a structure of a neural network to 
be used in a position learning processing section of the 
rad>o:omir.unicaiion systen. for the position detection method- 
according to the first embodiment; 

Fig. 4 is an airangemeni of a radiocommunication system 
which introduces a position detection method according to a second 
eiTibodiment of this invention; 

Fig. 5 is an arrangement of a radiocommunication system 
which adopts a position detection method according to a third 
embodiment of this invention; 

Fi£. 6 is an anangement of a radiocommunication system 
Nvhich follows a position detection method according to a fourth 
embodiment of this invention; 

Fig. - is an anangemeni of a radiocommunication system 
which adopts a position detection method according to a fifth 
embodiment of this invention; 

Fig. 8 is an arrangement of a radiocommunication system for 
3 position detection method according to a sixth embodiment of this 
invention; 

Fic, 9 is an arrangement of a radiocommunication system 
which introduces a position detection method according to a 
seventh embodiment of this invention; 

Fig. 10 is an arrangement of a radiocommunication system 
based upon a position detection method according to an eighth 
embodiment of this invention; 
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Fig. 11 is a block diagram showing an arrangemeni of a 
radiocommunicaiion system based upon a position detection 
method according to a ninth embodiment of this invention; 

Fj2. 12 is a block diagram showing an arrangement of a 
position detection system in a radiocommunication system adopting 
the position detection method according to the ninth embodiment; 

Fig. 13 is an illustration of an image of a radiocommunicaiion 
system based upon the position detection method according to the 
ninth embodiment; 

Fjg. 14A is a flow chart showing a position detection process 
in a radiocommunicaiion system adopting the position detection 
meihod according to the ninth embodiment; 

Fig. 14B is a flow chart showing a principal ponion of the 
position detection process in the radiocommunicaiion system 
adopiir.g the position detection meihod according to the ninth 
embodiment; 

Fig. 15 is a block diagram showing an arrangemeni of a 
position detection system in a radiocommunicaiion system based 
upon a position detection meihod according to a tenth embodiment 
of this invention; 

Fig. 16 shows an example of the layout of rooms in which a 
radiocommunicaiion system adopting the position detection method 
according to the tenth embodiment accomplishes a position 
detection; 
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Fig. 17 illustrates an example of a meeung room rescrvaiion 
system connected to a radiocommunication system adopting the 
position detection method according to the tenth embodiment; 

Fig. 18 is a graphic illustration of connections between rooms 
in a radiocommunication system adopUng the posiuon detection 
method according to the tenth embodiment; 

Fig. 19 is a block diagram showing an airangement of a 
position detection system in a radiocommunication system based 
upon a position detection method according to an eleventh 
embodiment of this invention; 

Fig. 20 shows an arrangement of a radiocommunication 
system which adopts a prior position detection method; and 

Fig. 21 shows an arrangement of a radiocommunication 
system based upon a prior position detection method. 

Referring now to the drawings, a description will be made 
hereinbelow of embodiments of the present invention. 
i:,rct fmhndiment 

A mobile station position detection method according to a first 
embodiment of this invention is such that the relationship between 
the radio strength levels from a plurality of base stations and the 
position of a mobile station is learhed through a neural network to 
estimate the position of the mobile station on the basis of the radio 
strength levels measured by the mobile station. In a 
radio'communication system which introduces this detection method 
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accordino to the first embodiment is. as shown in Fig. ], a mobile 
station 101 is composed of a mobile station control section 102 for 
controlhno the operation of the mobile station 101. a radio strength 
iBeasurano section 103 for measuring the radio strength level of a 
5 signal from a base station(s) and a mobile station transmission and 
reception section 104 for signal transmission and reception, and a 
base station 105 ,s made up of a base station control section 106 for 
controlling the operation of the base station 106, a base station 
transmission and reception section 107 for signal transmission and 
3 reception to and from the mobile station 101. and a base station 
input and output section 108 for signal transmission and reception 
to and from a control station 111 through a wire line, and further 
the control station 111 is equipped with a control station control 
section 112 for controlling the operation of the control station 111. 
a communication control section 113 for controlling the 
communication with the base station 105. a position input section 
114 for undergoing the input of coordinate data on a radio strength 
measuring point, position learning processing section 115 for 
learning, through a neural network, the correlation between the 
posuion of the mobile station 101 and the reception radio strength 
level at that point and for storing the correlation therebetween, and 
a position estimation processing section 116 for estimating the 
position of the mobile station 101 on the basis of the measured 
radio strength level through the use of the stored correlation. In 



F,.. 1, n.n,«.ls 109 and 110 represent different base stations each 
having the satne arransement as that of the base station 105. 

Fio 2 shows a system image of this radiocotmnunication 
systetn "xhe systetn con,prises a mobile station 201. base stations 
202. 203. 204 respectively having radio zones 205 , 206 . 207, and a 
control station 208 equipped with a position input section 209. a 
posttton learntng processing section 210 and a position estitnauon 
processing secuon 211. In this system, in cases where as shown m 
F,.. 2 .he mobile station 201 simultaneously stands within the rad.o 
zones 205. 206, 207 of the plurality of base stations 202, 203 . 204. 
*e detection of the position of the mobile station 201 is made on 
.he basis of the strength levels of the radio waves from the base 
stations 202, 203. 204. measured by the mobile station 201. by 
means of the functions of the posit.on >npu. section 209, the 
pos,tion .earning processing section 210 and the position esttma.ton 
processing section 211 belonging to the control station 208. 

For the position detection of the mobile station, the operatton 
of the svstem comprises two modes: a learning mode and an 
estimation mode. In the learning mode, the position coordinates 
, corresponding to a plurality of predetermined measuring points are 
inputted through the position input section 114 of the control 
station 111 and stored in the position learning processing secuon 
115. At this time, numbers indicative of the order of the 
measurements are assigned to the measuring points, and the 
5 coordinate system representative of the positions of the measuring 
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points is singly determined in areas where the position detection is 
made. When the information on the measuring points are conveyed 
through some means to the mobile station 101 side, if the 
measuring points are indicated with points on a map. the mobile 
5 station 101 is transferred to the indicated points in the order of 
measurements, i.e.. in the order of the numbers of the measuring 
points, where the mobile station transmission and reception section 
104 receives radio waves from the base stations 105. 109 and 110 
and the radio strength measuring section 103 measures the 
) reception radio strength levels of the signals therefrom. The mobile 
station transmission and reception section 104 transmits the 
measurement data to the base station 105 which produces the 
highest radio strength level. 

When in the base station 105 the base station transmission 
and reception section 107 receives the reception radio strength 
data from the mobile station 101. the base station control section 
ICS decides the kind of data and transmits it through the input and 
output section 108 to the control station 111. In the control station 
111. the communication control section 113 receives the reception 
radio strength data from the mobile station 101 through the base 
station 105 and the control station control section 112 decides the 
reception of the reception radio strength data and hands it over to 
the position learning processing section 115. Thus, the reception 
radio strength data are communicated from the mobile station 101 
to the position learning processing section 115 in the order of 



measurements, so that the correspondence (mapping) is made 
between the position coordinates of the respective measuring 
points inputted in advance through the position input section 114 
and the reception radio strength data from the mobile station 101 
at the respective measuring points. 

The learning in the position learning processing section 115 is 
made through the use of a neural network, for example, as shown 
in Fig. 3. In Fig. 3, numeral 301 represents an input layer, numeral 
302 depicts an intermediate layer and numeral 303 denotes an 
) output layer. This neural network has a layered perceptron 

structure made such that, when the reception radio strength levels 
due to base stations from a mobile station are inputted into the 
nodes of the input layer 301. the position coordinates of the mobile 
station at that measuring point are outputied from the output layer 
5 303. In this neural network, appropriate continuous functions such 
as the sigmoid functions are used as the input and output functions 
for the nodes. This neural network is not a special neural network 
but is well known as being written as a typical example in the 
references, and the detailed description thereof will be omitted for 
0 brevity. As the references, there are "Mathemaiical Theory of 
Neural Networks" published by Sangyo Tosho (1978), written by 
Shunichi AMARl and "Information Processing of Neural Network- 
published by Sangyo Tosho (1988). written by Hideki ASO. 

In the position learning processing section 115. the position 
1 5 coordinates of the measuring points and the reception radio 
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strength levels in the mobile station 101 at the measuring points, 
which are made in the corresponding relation to each other, are 
used as the learning data for the neural network (in this case, the 
reception radao strength levels serve as the input signals and the 
5 position coordinates act as the teacher signals). First, the reception 
radio strength levels due to a plurality of base stations in the 
n^obile station 101 standmg at the measuring point are inputted 
into the nodes of the input layer 301. respectively. At this time, 
the neural network learns so that the ou.pu, values from the nodes 
1 0 of the output layer 303 after passing through the intermediate 
layer 302 coincide with the position coordinates of the measuring 
point. More specifically, the weights on connections between the^ 
nodes of the input layer 301 and the nodes of the intermediate 
Jayer 302 and the weights on connections between the nodes of the 
1 5 intermediate layer 302 and the nodes of the output layer 303 are 
adjusted to reduce the error between the actual outputs (the values 
of the outputs of the output layer 303 when the input layer 301 
receives the radio strength values) and the correct position 
coordinates. This learning rule is generally referred to as a back 
2 0 propagation, but this embodiment is not limited to this method. 
The details about the learning rules are also well known, and the 
description thereof w-i,l be omitted (see the above-mentioned 
references). 

In terms of all .he measurinj points, through ,he input of ,he 
2 5 reception radio strength leveh due to the respective base stations 
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in the mobile station 101, the learning for the output of the position 
coordinates is made till the convergence (for example, the 
convergence condition is that the sum of errors at each of the 
measuring points comes to below a given value). After the 
5 ' completion of the learning, the position learning processing section 
115 passes the weights on connection between the input layer 301 
and the intermediate layer 302 the the weights on connections 
between the intermediate, layer 302 and the output layer 203 to 
the position estimation processing section 116 which in turn, stores 
0 them. This is the operations in the learning mode. 

In the estimation mode, the actual position detection function 
..orks here to estimate the present position of the mobile station. 
In the mobile station 101. the mobile station transmission and 
reception section 104 receives receivable radio wave signals from a 
5 plurality of base stations at a timing according to the input 

instructions from the user at an arbitrary point, at an operational 
uniino. on the system or at a constant time interval. Subsequently, 
the radio strength measuring section 103 measures the radio wave 
signals therefrom (the reception and measurement timings are 
2 0 uJder the control of the mobile station control section 102), and the 
transmission and reception section 103 transmits this reception 
radio strength data to. for example, the selected base station 105 
which causes the highest radio strength level. In the base station 
105 the base station transmission and reception section 107 
2 5 receives the reception radio strength data from the mobile station 
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■01, while ,he base station control section 106 judges the kind of 
data and sends it through the input and output section 108 to the 
controJ station 111. 

In the control station 111. the cotMiunication controJ section 
5 H3 receives the radio strength data fron, the »,obile station 101 
through the base station 103 and the control station control section 
112 decides the reception .hereof and hands it over to the position 
estimation processing section 116. The position estitnation 
processing section ,16 constructs a neural network with the san,e 
>0 structure as that of the neural network used at the iearn.ng on the 
basts of the weights on connections fed fron, the position lear.in» 
P-=cssing section 1,5. Further, the reception radio strength data 
due to the plurality of base stations in the mobile station ,0, are 
.npmted to the constructed neural network ,o obtain as omputs the 
>= position coordinates of the n,obi,e station 10, at the ti.e that the 
mobile station ,0, measures and reports the recept.on radio 
s«ng,h levels. Thus, the position estimation processing section 
»6 estimates and detects the position of the mobile station 101 on 
•he basis of the reception radio strength levels due to the plural.ty 
-0 of base stations in the mobile station ,01. The accuracy of the 

position detecon depends upon the learning result in ,he .earnin. 
-Ode, and in genera,, on the learning characteristic of the neura, ' 
network, the accuracy thereof can improve tn such a tnanner as to 
.ncrease the number of measuring points or the number of times of 
-5 measurements at the measuring points in the iearning mode 



1 
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AUhough .n the above descnption the operation of the 

• .-on .vsiem is divided into the learning mode and 
radiocomiBunication system is ui , ■ m 

„^«*es.UcMns — ope— n>oa« in a 

, 0, .e con.o, s..on cc.o, sec.on s...cH. 

„oae ,„ro™..onina,c...veof.e.inacfaa. . aaa.a .0 ... 

, • n tOl in Fic 1. there is no need for these mobile 
mobile station lOl m 

stations being the same, 
"ii-rnni fmhoriiment 

. aescripuon w.U be m.ae hereinbelc. of a posiucn 
ae.c„o; n,e.oa 0, a .aaio .0.. su.o„ a— s .0 a s«o^ 
.™.oa,™.n. oMMs — . ™sa«ec.>o...*oa..,o.U 
„e.a,ne..o.>ea.ina..a..a..Hepcs.o.ofac.a.ser.,.. 

mobile Ma,ion is ,rea«a as a measuring po.nt. A 

Koc^H on this detection method is, as 
radiocommunication system based on 

...i„H.....pp.a...o.,es.a,io„s.0,.0.,«3. 

• c 408 409. and a control station 410. The 
403 base stations 407, aus, tw?. 

„„„o, s.a.ion .0 is n,aae up of a .eas.e.en. J- 
sarins POsUiona, on ~ 

,3 po,n.s p.ae-e..in.a . posi.on, a posi..on .ca.ins P^ocess-n. 
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secion 412 for ie.r„i„g, .hro.jh a neural network, the correja.ion 
bem«n ,he D,=as.rin| poin.s the ,ecep„on radio s.ren|,h levels ai 
.he o,eas„ri„, po,nu and for coring ,he correlation U,erebe,ween, 
-d a position estimation processing section 413 for estimating the 
5 position of the mobile station on the basis of the measured radio 
s.reng,h values through the use of the correlation. In Fig. 4, 
numeral 414 designates a coordinate system. 

This system is made taking into consideration the case that 
chargers are f.xedly disposed a, predetermined positions, for 
> 0 example, the case that a charger ts fixedly placed on a disk of each 
P"son in a firm. In this case, the positions of the respective 
chargers are expressed with the predetermined coordinate system 
414 (the coordinate system can freely be set), and the position 
coordinates thereof are stored in the measurement position storage 
I = action 41, of the control s,a„on 4,0. Now, ,e, „ be assumed tha^ 
.he mobile stations 401, 402, 403 simultaneously exist within the 
radto zones of the base stations 407, 408. 409 and are set on the 
arbitrary chargers 404 , 405, 406, respectively. At this time, the 
-obile stations 401. 402. 403 detect tha, they are in the charged 
0 conditions, and obtain the charger identification information from 
.he Chargers 404 . 405 . 406, respecvely, and further measure the 
receptton radio strength levels from the base stations 407, 408 



409. 



Secondly, the mobile stations 401, 402, 403 reports the 
Charger identification information and the reception radio strength 
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levels from the base stations 407. 408, 409 through one of the base 
stations 407, 408, 409 to the control station 410. In response to the 
report therefrom, in the control station 410. the position learning 
processing section 412 obtains the position coordinates 

5 corresponding to the reception radio strength levels measured and 
reported by the mobile stations 407. 408. 409 referring to the 
positional information on all the chargers stored in advance in the 
measurement position storage section 411. i.e., the position 
coordinates expressed by the coordinate system 414. Further, as 

1 0 well as the first embodiment, for the learning a neural network is 
constructed which receives as inputs the reception radio strength 
levels from the respective base stations at each position and 
outputs the corresponding position coordinates, and the weights on 
connections between the nodes in the neural network are stored as 

1 3 the learning results in the position estimation processing section 

413. 

In this way. for collecting the data for learning of the 
correlation between the reception radio strength levels from the 
plurality of base stations in the mobile stations and the positions of 

2 0 the mobile stations, the plurality of mobile stations are used and 

ihe reception radio strength levels therefrom are measured at the 
known positions of the chargers. Accordingly, it is possible to 
simplify the input of the position coordinates of the measuring 
points. In addition, since the measurements of the reception radio 
2 5 strength levels are always possible while the mobile stations are in 



the charged conditions, it is possible to collect large amount of data, 
thus enhancing the position deiection accuracy. 

Although in this embodiment the positions of the chargers are 
fixed to obtain the position coordinates of the measuring points for 
the learning data (reception radio strength levels), if the 
correspondence between the chargers and the mobile stations is 
made in advance, it is also possible to adopt a method of specifying 
the mobile station learning data measuring point without obtain the 
identification information from the chargers or a method of 
determining the learning data measuring point at every mobile 
station. Further, it is also appropriate that, for collecting the 
learning data, on the measuring point there are provided a learning 
data collector equipped with only a radio strength measuring 
section for measuring the reception radio strength levels from a 
plurality of base stations and a transmission and reception section 
for transmitting the reception radio strength levels ihrough the 
base station to the control station and further for receiving a 
control signal from the control station. In this embodiment, the 
operation of the radiocommunicaiion system in the position 
estimation mode is the same as that in the position estimation mode 
in the first embodiment. 
Third Em bodiment 

Furthermore, a description will be taken hereinbelow of a 
position detection method of a radio mobile station according to a 
third embodiment of this invention. The third embodiment 



provides a radio mobile siaiion position detection method in which 
the user carrying a mobile station finds, through the mobile station, 
us o^.-n present location or the position of a different mobile station. 
In a radiocommunication system adopting this detection method, as 
shown in Fig. 5 mobile stations ASOl. B507 are equipped with 
mobile station control sections 502. 508 for controlling the 
operations of the mobile stations A501. B507. radio strength 
measuring sections 503. 509 for measuring the radio strength 
levels of signals received from base stations, mobile station 
transmission and reception sections 506. 512 for conducting 
transmission and reception of signals to and from the base stations, 
position input sections 504, 510 for allowing the user to input 
learning data measuring positions, and position inquiry sections 
505. 511. while a control station 516 is provided with a control 
station control section 517 for taking charge of the control of the 
operation of the control station 516. a communication control 
section 518 for controlling the communications with the base 
stations, a radio strength report requesting section 520 for making 
a request for the radio strength levels to the mobile stations : . . 
507, a position learning processing section 519 for learning, througn 
a neural network, the correlation between the locations of the 
mobiles stations 501, 507 and the reception radio strength levels at 
the mobile station locations and further for storing the correlation 
therebetween, and a position estimation processing section 521 for 
estimating the position of the mobile stations 501. 507 on the basis 



of the measured radio strength values through the use of the stored 
correlation. The arrangement of each of base stations 513. 514. 515 
is the same as that of the base station in the first embodiment (see 
Fig. 1). 

5 First, a description will be taken hereinbelow of the operation 

of this system in a learning mode. The user carrying the mobile 
station A50] inputs positional information through the position 
input section 504 at a learning data measuring position. 
Subsequently, the mobile station control section 502 detects the 
0 input and gives instructions to the radio strength measuring section 
503 to measure the receivable radio strength levels from all the 
base stations including the plurality of base stations 513, 514. 5]5 
(similarly, measuring the radio strength levels from the mobile 
station B). After the measurements, the radio strength measuring 
section 503 transmits the measured reception radio strength leveh 
from the plurality of base stations and the positional information on 
the measuring points through the transmission and reception 
section 506 .0 the base station 513 which caused the highest 
reception radio strength level, while the base station 513 
communicates these data to the control station 516. 

In the control station 516. the communication control section 
518 receives these data, whereas the control section 517 judges the 
kind of data and conveys these data to the position learning " 
processing section 519. With this process, the data for the^learning 
of the neural network are collected in the position learning 



processing section 519. The operation of the position learning 
processins section 519 subsequently conducted is the satne as those 
of the position learning processin| sections of the 
radtocommunication systems according to the first and second 

embodiments. 

Secondly, the description proceeds to an operation in an 

the mobile station A501 tries .0 find its own position or the pos.t.on 
of the tnobile station B507 being a different mobile station. The 
user of .he mobile station A 501 first, when wanting its own 
position, gives instructions therefor to the position inquiry section 
505 and, when wanting .he position of the other mobile station B, 
inputs the identiftcation number (telephone number or the like) for 
.he mobile station B to make an inquiry. In the case of giving 
instructions for the inquiry on its own position, the posit.on inquiry 
section 505 asks the mobile station control section 502 to g.ve 
instructions to the radio strength measuring section 503 to measure 
the reception radio strength levels from all the base stations. After 
tbe measurements, the radio strength measuring section 503 
, conveys the measurement results through the base sution 513 to 
the control station 516. 

in the control sution 516. the communication control section 
5,8 receives the measurement results and passes them to the 
position estimation processing section 521. The position estimation 
5 processing section 521 inputs the reception radio strength levels on 



the plurality of base stations reported from the mobile station 
A501 to the neural network which already completed the learning 
in the position learning processing section 519 to obtain the 
corresponding position coordmates. The position coordinates thus 
5 obtained are delivered to the communication control section 518 to 
be transmitted through the base station 513 to the mobile station 
501. so that the mobile station A501 can find its own present 
location. 

On ihe other hand, in the case tha, in ,he mobile station A the 

0 instructions for the position of the n,obi,e station B. together with 
■he identification number of the mobile station B, are given, the 
posiUon inquiry section 505 gives instructions ,o the transmission 
^nd reception section 506 to transmit the inquiry request and the 
identification number of the targe, mobile sution through the base 

1 station 513 to the control station 516. In the control station 516, 
the communication control section 518 receives these information 
and the control section 517 analyzes the reception data to make a 
decision to tha. i, is an inquiry request for .he position of the 
mobile station B and hands the data over ,o the radio strength 
report requesting section 520. When receiving the data, i.e., the 
identification number of the mobile station B and the inquiry 
request for .he position thereof, .he radio strength report 
requesting section 520 issues a radio strength report request on the 
mobile station B to the communication conuol sec.ion 518. The 
communication control section 518, which performs the move 



•vement 



-50- 



„,.„as.m=nts (.he function, provided in the standards for the 
portable telephones or PHSs) on the position registration of the 
„,obile stations, retrieves the general call.ng area (an area 
comprising the rad.o zones of a pluraUty of base stations for the 
.e„«al calling, which alio., the transmission to the mobile station) 
L the mobtle station B507 and transmits the radio strength report 
request to the mobile station B507. 

When the mobile sution B507 receives the radio strength 
report re,.est. the radio strength meast^ring section 509 measures 
the reception radio strength levels from all the base stations 
receivable and reports them through an appropriate base station to 
.be control station 516. In response to the radio strength report 
from the mobile station B507, in the control station 516 the position 
estimation processing section 5.5 obtains the position of the mob.le 
station B517 and the communication control section 518 transmits 
i, ,0 the mobile station A501. Thus, the mobile station A501 can 
find the location of the mobile sution B507. 

,„ anv case, a method of displaying to the user its own or 
different mobile station position coordinate dau is not limited, and 
, methods are available to display the data as values and display the 
data in the manner of plotting .hem on a map image. 
Pmhndiment 

Furthermore, a description will be taVen hereinbelow of a 
position detection method of a radio mobile station according to a 
5 fourth embodiment of this invention. The radio mobile station 
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posiiion detection method according to the fourth embodiment is 
for improvino the accuracy of the position detection in a manner of 
doing the measurements over again when the estimation result 
shows a low reliability. In a radioccininunicaiion system 
introducing this detection method, as shown in Fig. 6 a control 
station 608 includes a control station control section 609 for 
controlling the operation of the control station 608. a 
communication control section 610 for controlling the 
communication with base stations, a position input section 611 for 
accepting the position of a measuring point, a position learning 
processing section 612 for learning, through a neural network, the 
correlation between the position of a mobile station and reception 
radio strength levels at that position and further for storing the 
correlation therebetween, a position estimation processing section 

613 for estimating the position of the mobile station on the basis of 
the measured radio strength levels through the use of the 
correlation therebetween, a radio strength report requesting section 

614 for making a request for the report on the radio strength levels 
to the mobile station, a position accumulation section 615 for 
accumulating the past position coordinates of the mobile station, 
and a history decision section 616 for deciding, on the basis of the 
past positions, whether the estimated present position of the mobile 
station is appropriate or not. The arrangements of a mobile station 
601 and each of mobile stations 605. 606, 607 are the same as 
those in the first embodiment (see Fig. 1). 



-52- 



The operation of this system in the learning mode is the same 
as that in the first embodiment, whereas in the estimation mode 
the system operates as follows. That is. in the control station 608. 
the position accumulation section 615 stores the position 
coordinates of all the mobile stations obtained by the position 
estimation processing section 613 in the past as time series data at 
every mobile station, together with the time stamp. When the 
mobile station 601 reports the reception radio strength levels from 
a plurality of base stations measured by the radio strength 
measuring section 603 through the base station 605 to the control 
station 608 in some occasion, the communication control section 
610 of the control station 608 receives this report, and the control 
section 609 decides the kind of data and conveys it to the position 
estimation processing section 613. 

The posuion estimation processing section 613 obtains the 
position coordinates of the mobile station 601 on the basis of the 
reported reception radio strength levels due to the plurality of base 
stations through the use of the neural network which completed the 
learning in the position learning processing section 612 and passes 
them to the history decision section 616. The history decision 
section 616 refers to the past position coordinates of the mobile 
station 616 accumulated in the position accumulation section 615 to 
decide whether the present position of the mobile station 610 
estimated in the position estimation processing section 613 is 
proper or not. For the decision criterion, various ways can be 



taken. For example, a method is available to calculate the moving 
speed on the basis of the position obtained through the last 
estimation and the time of the estimation and the present position 
and the present time to decide whether or not the calculated speed 
5 is appropriate for the user carrying the mobile station or to draw 
the locus of the past position history to decide the appropriateness 
on the basis of the degree (an angle of a moving vector or the like) 
of the deviation in the moving direction indicated by the locus. 
However, this embodiment is not limited to these methods. 
5 If appropriate, this coordinates is determined as the present 

position of the mobile station 601 and outputted from the position 
estimation processing section 613 (the destination may be a display 
unit of the control station, the mobile station 601. a different 
mobile station or the like). On the other hand, if not appropriate, 
the history decision section 616 gives instructions to the radio 
strength report requesting section 614 to issue a radio strength 
report request toward the mobile station 601. The radio strength 
report requesting section 614 transmits the radio strength report 
request to the mobile station 601 so that the mobile station 601 
again measures the receivable radio strength levels from all the 
base stations and reports the measurement results. When receiving 
this request through the base station 605. in the mobile station 601^ 
the radio strength measuring section 603 measures the receivable 
radio strength levels from all the base stations and reports the 
measurement results to the control station 608. In the control 
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siation 608, the position esiimaiion processing section 613 finds the 
location of the mobile station 601 and the history decision section 
616 judges the appropriateness of the coordinate values. If not 
appropriate, the above-mentioned procedure is repeated. However, 
5 in this instance, it is necessary to determine the upper limit on the 
number of times of repetition of the radio strength report request 
to the mobile station 601 in advance. In the case that the decision 
of no appropriateness continues, the estimujon of the position 
resumes the limited number of times of the repetition and then 

1 0 stops. In this case, the position is determined in such a way that 

the most appropriate value is adopted or the values estimated so 
far are averaged. 

As described above, in the position detection method 
according to this embodiment, in cases where, for example, a great 
• 1 5 variation of the electric field distribution in the base stations of a 
radiocommunication system or the learning accuracy is insufficient 
so that the reliability of the accuracy of position of the mobile 
station obtained in the position estimation processing section is 
expected to be low. the measurement in the mobile station resumes 

2 0 to repeatedly conduct the position estimation, with the result that 

the accuracy and reliability of the position detection can improve. 

In addition, it is also appropriate that in this system a 
measurement interval measuring section is provided in the mobile 
station 601, and the radio strength measuring section 603 measures 
2 5 the radio strength levels from a plurality of base stations at a 



constan, time interval measured by the measurement interval 
measur.no section to report the measurement results through the 
base station to the control station 608. In this instance, since it is 
possible to establish the history on the position of the mobile 
5 station at the constant time interval, and hence it is possible to 

more accurately judge the appropriateness of the estimated 

position coordinates of the mobile station. 

Fifth Fm^nH;,T.»,^T 

Still further, a description will be taken hereinbeJow of a 
10 position detection method of a radio mobile station according to a 
fifth embodiment of this invention. This radio mobile station 
position detection method according to the ftfth embodiment is 
made such that the radio strength levels measured is converted 
into the distance between the mobile station and the base stations 
J and the neural network learns on the basis of the distance 
therebetween. 

In a radiocommunicalion system conducing ,his deiecior 
m.,bod, as shown i„ R., , , ,^ ^^^^.^^^ ^ 

control station control section 709 for taking charge of the control 
2 0 of the control station 708. a communication control section 7,0 for 
controlling the communication with base stations, a position input 
section 71! for accepting the input of the positions of measuring 
points, a position learning processing section 712 for learning 
.hrough a neural network, the correlation between the position of a 
2-^ mobile station and the reception radio strength levels a, that 
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poshion and f.nher for storing the correlatior. therebetween, a 
position estimation processing section 713 for estimating the 
position of the mobile station on the basis of the measured 
reception radio strength levels through the use of the correlation 
5 therebetween, and a distance calculation section 714 for 

theoretically calculating the distance between the mobile station 
and the base stations. In this system, the arrangements of a mobile 
station 701 and each of base stations 705. 706, 707 are the same as 
those in the first embodiment (see Fig. 1). 
10 m this system, the distance calculation section 714 of the 

control station 708 stores a theoretical radio distance characteristic 
(this sigmfies the relationship between the distance from the base 
station and the radio strength level therefrom and under an ideal 
condition the radio strength attenuates in inverse proportion to the 
15 square of distance therefrom) of the base station and calculates the 
theoretical distances between the mobile station 701 and the 
plurality of base stations 705. 706. 707 on the basis of the 
reception radio strength levels due to the base stations 705, 706. 
707 reported from the mobile station 701 through the use of the 
2 0 stored radio distance characteristic. Further, the distance 

calculation section 714 outputs the distance to the position learnin 
processing section 712 in the learning mode and outputs it to the 
position estimation processing section 713 in the estimation mode 
(.f the theoretical distance coincides with the actual distance, the 
specification of the position of the mobile station is possible with 



25 
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onJy a geometric calculation. However, in fact they hardly coincide 
wuh each other because of the influence from the renection waves 
or noises. Thus, the position learnins processing section 712 is 
required to learn the deviation from the theoretical distance). 
5 In the learning mode, the position learning processing section 

712 learns, through a neural network, the correlation between the 
theoretical distance from the mobile station 701 to each of the base 
stations, conveyed from the distance calculation section 714. and 
the learning measuring point position coordinates of the mobile 
10 station 701 inputted through the position input section 711 as well 
as the first embodiment and communicates the connection weights 
of the neural network being the learning results to the position^ 
estimation processing section 713 which in turn, stores them. On 
the other hand, in the estimation mode, the position estimation 
5 processing section 713 inputs the theoretical distance from each of 
the base stations to the mobile station 701 conveyed from the 
distance calculation section 714 to a network constructed using the 
connection weights undergoing the learning to obtain the position 
coordinates of the mobile station 701 as an output. Thus, the 
) theoretical knowledge is introduced for the learning in the position 
learning processing section 713. and as compared with the first 
embodiment, the learning processing conducted through the neural 
network becomes easier and the learning accuracy more improves. 

As described before, in the mobile station position detection 
method according to this embodiment, the theoretical distance 
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beiween the mobile siaiion and each of the base siations is 
calculated as a function of the reception radio strength levels fronn 
the plurality of base stations measured in the mobile station, and 
the correlation between the theoretical distance and the position of 
the mobile station is learned through the neural network, thus 
estimating the position of the mobile station through the use of the 
correlation. With this operation, the position estimation with a 
higher accuracy is possible as compared with the first embodiment. 

Furthermore, the embodiments described above can 
appropriately accept the changes. For example, in cases where the 
mobile station outputs the measurement results on the reception 
radio strength levels, it is also appropriate that the measurement is 
made plural times at the same point so that the single value 
obtained through the statistical processing of the measurement 
5 values is outputted as the final measurement value. This statistical 
processing permits the sharp improvement of the measurement 
accuracy. Still further, it is also possible that two frequency 
synthesizers are provided in the mobile station so that, even if one 
of the frequency synthesizers is in the synchronized condition 
0 during a call, the measurement of the radio strength levels from a 
plurality of base stations is possible through the use of the other 
frequency synthesizer. 

In addition, it is also possible that the mobile station sends 
the measurement results on the reception radio strength levels to 
5 the control station at a constant time interval for the measurements 
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by the measurement interval measuring section so that the control 
station periodically detects and manages the position of the mobile 
station on the basis of the measurement results. A similar systeni 
can also be realized in such a manner that the radio strength report 
5 requesting section of the control station periodically requests for 
the report on the reception radio strength levels from the mobile 
station. These systems allow the position accumulation section of 
the control station to be usable for the position management of the 
mobile station. 
0 Sixth Kmhn^^imf.,, 

Furthermore, a description will be made hereinbelow of a 
positton detection method according to a sixth embodiment of this 
invention. The detection method according to the sixth 
embodiment .s designed to detect an area with an expansion, sttch 
5 as a room or district a radio mobile station exists. According to this 
detection method, a position learning processing section of a control 
station constructs a neural network as shown i„ Fig. 8. In Fig. 8. 
numeral 1001 represents an input layer. 1002 designates aj 
intermediate layer, and numeral 1003 stands for an output layer, 
) and the difference from the neural network (see Fig. 3) tn the first 
embodiment is the output layer 1003. In this embodiment, the 
positton of .he mobile station is expressed with the name or symbol 
of a place representative of that address, for example, a room name 
or room number in the case of an tndoor place and a dwelling, place 
number or the like in the otttdoor place.' The number of nodes of • 



,he ou.p.. layer 1003 is se. ,o coincide with ,he number of spots 
(,he number of rooms, .he number of dismc.s .he same a.eUing. 
or .he like) .ncluded in .he area being an objec. under posi.ion 
de.ec.ion. and .he neural ne.work is cons.ruc.ed so .ha< the 
respective nodes of the ou.pu. layer 1003 are in one-to-one 
correspondence relation .0 .he respective spo.s. F.g. 8 shows the 
case that each of the nodes of the output layer 1003 corresponds to 
a room. 

Each of the outpu, values of .he ou.pu. layer can assume a 
continuous value within a constant range such as 0 to 1 or assume 
anv one of two predetermined values such as 0 or 1. This output 
configuration depends upon the selection way of the input and 
output function o, the outpu. layer nodes. If the sigmoid function 
(f(x) = 1/ (1 + «p (-0X)}. a : constant) ,s used as the input and 
i output function, the output configuration is expressed with the 
former format. On the o.her hand, if .he .hreshold func.ion (when 
X < 9. fix) = 0, when X 2 e, f(x) = 1. e : a cons.an.) or .he like is 
employed, it is expressed with the latter forma.. The following 
description will be made in terms of the case that the output 
0 configuration .s expressed with the former format. 

First, in the learning mode, in the neural network thus 
constructed, when the electric field strength levels from a plurality 
of base stations measured by a mobile station a. a predetermined 
measuring point are inputted into the nodes of the input layer 
15 respectively corresponding to the base stations, the learning is. 



made such thai the node of the output layer corresponding to the 
spot (a room, a district or the like) including that measuring point 
outputs ] and the other nodes of the same output layer output 0. 
In this instance, in one place a plurality of measuring points can 
5 also be set in accordance with its extent. Further, if the place is 
relatively small, one measuring point can represent that place (or 
the average of the measurement values at a plurality of measuring 
points set can be used for the learning). On the other hand, if the 
region is wide, it is preferable that a plurality of measuring points 
0 are set to uniformly exist within the region. At this time, unlike the 
neural network which outputs the coordinate values from its output 
layer, a severe strictness in the specification of the measuring 
points is not necessary as long as exiling within the region. 

Secondly, in the estimation mode, when the mobile station 
5 inputs ihe radio strength levels from a plurality of base stations it 
measures, to the neural network which completed the learning, the 
respective nodes of the output layer 1003 output values between 0 
to 1. If the position of the mobile station is specified to one place, 
the place, i.e.. a room or district, corresponding to one node from 
0 which a value closest to 1 is outputted is detected as the position of 
the mobile station. Further, in cases where the specification of the 
place is unnecessary and it is saiisfied to show several candidates 
for the places, it is also possible lo show a plurality of places 
corresponding to a plurality of nodes whose outputs are relatively 
large (close to 1). Moreover, since there is a correlation between 
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ihe magnitude of the output value and the probability of the actual 
existence of the mobile station at the place corresponding to that 
node, it is possible to present the position detection result as a 
existence probability to express the degree of the probability .that 

5 the mobile station exists at some place. 

As described above, in the position detection method 
according to this embodiment, the respective nodes of the output 
layer of the neural network are made corresponding to the places, 
with the result thai the position detection of the mobile station can 

1 0 be done in units of regions with an extension, such as a room or a 
district. This position detection method can be employed for the 
systems in the above-described embodiments, and the operations 
other than the above description will be made according to the 
operations taken in the embodiments. 

1 5 <:pvp.n!h E mbodiment 

Moreover, a description will be made hereinbelow of a radio 
mobile station position detection method according to a seventh 
embodiment of this invention. The position detection method 
according to this embodiment allows that a mobile station finds its 

2 0 own present position through its internal processing. In a 

radiocommunication system based upon this detection method, as 
shown in Fig. 9 a mobile station 901 comprises a mobile station 
control section 902 for taking charge of the control of the operation 
of the mobile station 901. a radio strength measuring section 903 
2 5 for measuring the radio strength levels from base stations, a mobile 
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siation transmission and reception section 904 for carrying out the 
transmission and reception of a signal to and from a base station 
907. a learning result storage section 905 for storing parameters of 
a learning-completed neural network transmitted from a control 
5 station 913, and a position calculation section 906 for constructing a 
neural network using the parameters stored in the learning resuh 
storage section 905 to calculate its own position. The arrangements 
of base stations 907. 911. 912 and the control station 913 are the 
same as those in the first embodiment (see Fig. 1). 
I 0 Secondly, a description will be taken hereinbelow. of the 

operation of this system. A position learning processing section 917 
of the control station 913 learns, through a neural network, the 
correlation between the reception radio strength levels due to a 
pluraluy of base stations measured by the mobile station 901 at a 
plurality of measuring points and the positions of the measuring 
points. The processes up to this are the same as those in the first 
embodiment. The parameters, i.e., the weights on connections 
between the nodes and others, expressing the neural network 
which completed the learning in the position learning processing 
) section 917 of the control station 913 are transferred through some 
n^eans to the mobile station 901 and stored in the learning result 
storage section 905 of the mobile station 901. 

As a method to transfer the parameter data expressing the 
learning-completed neural network, there is an on-line method in 
which, the data is radio-transmitted through the base station 907 to 



*c mobile sution 901 .h,ou|h .he use of a communicauon Ime of 
,he rad,o communicanon sy.em .o .0 be com:n»n,ca>ed .0 ,he 
,ear„in. .esuU .orase ..cUo„ 905 0, a. off-line method .n wh.ch, 
i„ ,he case .ha> .he mobile s.a.io„ 901 is equipped wuh an 
i„„rface made wi.h a recording medium in.erface such as a CDROM, 
. noppy disc and a„ IC card (for example, a porrable information 
terminal wi.b a communica.ion func.ion or a no.ebook-s.ze 
persona, computer incorpora.in.. a- rad.o corrununica.ion modem,, 
*e parameter data is once stored in the recording med.um whtch 
in turn, ,s s^en .0 .he user who uses the mobile s.a.ion 901 so .ha, 
,He parameter data is taken out from the recordrng medium to the 
learn.n. result storage section 905 of the mobtle sta.ion 901. 
Howev;, the parameter transferring method in this embodimen. ts 
not limited to these methods. 

NVhen the user carry.ng the mobile s.a.ion 901 gives 
,„struct.ons through sonte input means (a command due to a 
button, or the liU) to the mobile station control section 902 for the 

control sectton 902 g.ves instructions .0 .he radio s.rength 
0 measuring section 903 .0 measure the receivable rad.o s.reng.h 
levels from all .he base stations, and hence the radio strength 
measuring section 903 conveys the measurement resuUs .0 the 
position calculation section 906 accord.ng to the instruct.ons. The 
position calculation secon 906 constructs a neural network by 
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inpuis the measurement results conveyed from the radio strength 
n^easunng section 903 to the neural network to obtain the position 
of the mobile station 901. 

Thus, in this system according to this embodiment, the 
5 learning result obtained in the position learning processing section 
of the control station is held in the mobile station in advance, and in 
the case that the user carrying the mobile station wants to know his 
own position, his own position n detectable through the internal 
processing of the mobile station without the inquiry to the control 
0 station through the communication each time. 

Eighth FrnhnHirr^Ar^, 

Furthermore, a description will be made hereinbelow of a 
position detection method according to an eighth embodiment of 
this invention, the position detection method according to this 
5 embodiment is made such that a plurality of base stations measure 
the radio wave emitted from a mobile station to detect the position 
of the mobile station on the basis of the measurement results. In a 
radiocommunication system adopting this detection method, as 
shown in Fig. 10. a mobile station 1101 comprises a mobile station 
) control, section 1102 for controlling the operation of the mobile 
station 1101 and a mobile station transmission and reception 
section 1103 and a base station 1104 comprises a base station 
control section 1105 for controlling the operation of the base station 
n04, a base station transmission and reception section 1106 for 
carrying out the transmission and reception of a signal to and from 



-66- 



the mobile siaiion 1101, a base station input and output section 
1107 for performing the transmission and reception of a signal 
through a wire circuit to and from a control station 1111, and a 
radio strength measuring section 1108 for n^easuring the radio 
strength level of a signal from the mobile station. The arrangement 
of the control station 1111 is the same as that in the first 
embodiment (see Fig. 1). 

Secondly, a description will be n.ade hereinbelow of the 
operation of this system. In the learning mode of this system, the 
n^obile station 1101 issues a radio wave (an upstream control signal 
such as a calling response signal and a calling signal) at a poim set 
,n advance, while the base station 1104 receives this radio wave 
and the radio strength measuring section 1108 of the base station 
1104 measures the radio strength level and reports the 
measurement result through the base station input and output 
section 1107 to the control station 1111. At this time, in a similar 
wav the other base stations 1109, 1110 receive and measure the 
same radio wave emitted from the mobile station 1101 and report 
the measurement results to the control station 1111. That is. the 
, n^easurement of the strength of the radio wave emitted from the 
mobile station are done at a plurality of points set in advance. 

In the control station 1111. a communication control section 
1113 receives the electric field strength data related to the mobile 
station 1101 reported from the respective base stations and passes 
5 the data to a position learning processing section 1115. The 
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posiuon learning processing s«,io„ 1115 once stores .hese data 
and construes a neural neural network whtch receives, through its 
input layer nodes, the nteasuremen, results of the respective "base 
stations with respect to the radio wave from the ntobile station 
5 1101 and outputs the position of the mobile station 1 101 a, that 
time. Further, the position learning processing section 1115 learns 
•he correlation between the reception radio strength levels on the 
radio wave from the mobile station 1101. measured by the 
Plt-rality of base stations, and the position of the r^obile station 
'0 UOl at the measurini time. (The positional information on a 

plurality Of measuring p„i„,s se, in advance is inputted through a 
position input sectton IIH mto the position learning processing 
section 1115 as well as the first embodiment, and the 
corresponding relat.onship between the measurement result data at 
1= the base stations and the positional information is established in 
the same way as in the first embodiment.) 

On the other hand, in the estimation mode, Ute base stations 
n04, 1109, 1„0 receive and measure any radio signal (control 
s-snal) emitted from the mobile station HOI at an arbitrary point 
20 and report the measurement results to the control station 11.1. ,„ 
the control station 1111, the communication control section U13 
receives the electric field strength data of the radio wave from the 
mobile station 1101, reported from the respective base stations, 
and hands them over to a position estimation processing section 
25 1116. The position estimation processing section 1116 once collects 



,,ese c,ecu.c f.eW s.reng.h da. and inp.u .he« e..c,.c f.ld 
,..g.h da.a ,0 ..e n=u.a. ne.wo.. whic. co„,p.e,ed *e learn.ns 
„e pcsiUo. learnini processing sec.on ,115. .hus ob.a.ning *e 
posiuon of .h. mobile sution 1.0, as i,s output. Thus, in the 
.vsten, according .0 this embodiment can detec, the position of the 
n^cbile station in a manner that the plurality of base stat.ons 
„„sure the radio wave em.tted from the mobile station. 

In a radiocommunication system for land mobile 
..diotelephones. a plurality of base stations measure the radio 
.ave emitted from a mobile station a. the time of determining the 
area of the mob.ie s.anon ,o spec.fy as the existence area 

,„nnh level, and the system according to this embodiment can 
exhibit the compatibrlity «ith a radiocommunication system based 
upon such a way and particularly effecuve thereto. 

Although ,n the above description a plurality of base stauons 

neural network, in order to eliminate the detection error 

„dio wave from the mobile station, tt. is also appropriate that the 
.atio of the reception radio strength levels measured by the 

network. Further, although for the description only the same 
5 mobile station 1,0, is used in the learning mode and the 
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esiimaiion n^ode. in fact there is no need to use the same mobile 
station in both the modes, as wel! as the first embodiment. 

As obvious from the above description, with the radio mobile 
station position detection methods according to this invention, the 
5 data on the measuring points are used for the learning to obtain the 
position of the mobile station. Accordingly, these method can 
remove the need for previously drawing the electric field strength 
map at every base station and further allows the position detection 
of the mobile station only in such a manner that the reception radio 
10 strength levels in the mobile station at several measuring points 
are measured in advance. Besides, even if the variation of the 
electric field strength occurs, it is possible to quickly cope with this 
variation. Further, in the position detection method where the 
positions of the measuring points are determined ,n advance, the 
5 position input of the measuring points necessary for the learning 
becomes easy. Still further, with the position detection method I 
which the positions of the chargers are set as the measuring points, 
the reception radio strength measurement is possible during the 
charging of the mobile stations, and hence it is possible to 
) automatically collect the reception radio strength data related to a 
plurality of base stations for the learning, and since the positions of 
the chargers are the measuring points, the position input of the 
measuring points becomes easy. 

Furthermore, according .o .he posi.ion de,ec,io„ method in 
which .he positional data of .he measuring points are i„pu..ed from 
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posiuon can be .sed as .he learning da.a wi.hom fix.ng the 
„easunns poin. in advance. In addU.on. w„h Che posUion 

5 processini of ,he plural n,ca.o«n,em resuUs i. ompuued as a 
„easuremen, value, even if .he ,he measurement error of the 
recep„on radio sueng.h due .0 .he occurrence of noise, or the ...e 
oreatly occurs, the position detection can improve in accuracy, 
Lher. in the mobile station. is possible to f.nd its own present 
,0 position or the present position of a person canning a dtfferen. 
mobile station. Still further, with the position detection method 
„ade to store the pos,.ion his.ory of the mobile station, the 
appropriateness o, the presently detected position is Judged us.ns 
,He position history, with the result that the reliability of the 
15 position detection can improve. 

Moreover, ..th the posifon detection method in ,..h,ch the 
„,„bile station periodically reports the measurement result of the 
.ceptton rad,o strength levels to the control station at a constant 

position thereof. In add.tion. according to the position detection 
method where the reception radio strength is converted .nto a 

.„ .Ke neural net.or. can heighten but also the position estimation 
,5 accuracv can improve, further, with the position detection method 
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in which the result of the position detection is shown with an area 
with an expansion such as a room and a district, in the case of being 
applied to the management of the whereabouts of persons carrying^ 
a mobile station in the indoor place, the detection result can be 
5 indicated to be easier to understand as compared with the numeric 
coordinates. In addition. ,, is also possible to present a plurality of 
places as the candidates for the whereabouts, whereby the position 
detection with a higher reliability is possible as compared with the 
presentation of a specific position. 
0 Furthermore, with the position detection method in which the 

learning-completed neural network is held in the interior of the 
n^obile station, since the mobile station can implement the detection 
processing of its own position, there is no need for the inquiry 
through communications to the control station, with the result that 
■ the communkat.on resource is savabJe and the response necessary 
until obtaining the detection result becomes shortened. 
Particularly, in the case that a radiocommunication system to which 
the position detection method according to this invention is applied 
is constructed using a public wireless network, the communication 
charge imposed on the user at the position detection becomes 
unnecessary. Moreover, the position detection where a plurality of 
base stations measures the radio wave from a mobile station so that 
the position of the mobile station is detected on the basis of the 
measurement results is applicable to a radiocommunication system 
such as a land mobile radiotelephone which has a mechanism that a 



p,u.lHv of base suUons measures .he radio wave from a mob.le 
.ation.' The position of a n,o>or vehicle o. .he liUe .s de.ec.ab.e on 
of ,he measure^en. resuUs of a p,u.ai„y of base s.a,.ons. 
1„ addi.ion. .he v^ireless raaioco,nn.unica.ion sys.cm 
according .0 .his inve„..o„ can cond.c. .he above-men.ioned 
posuion de.ec.ion me.hods. In .he wreless radioconun.n,ca.,on 
,,,em includini a .eamins da.a coUeCor. i. is possible .0 coliec. 
,he learning da.a in a fixed poin, observauon way and .n a 
con.nuo.s way. and even ,f .he sys.em is in an opera.ng condi.ion, 
,He learning accuracy can improve and .he posi.ion de.econ 
accoracv can heigh.en. Fur.her, ,„ .he sys.em having a control 
.a.ion 'equipped w..h a radio s.reng.h repor. re,ues.ing means .he 
control s.a.icn issues a radio streng.h repor. requcs, ,0 a mob.le 
station so .ha, the mobile station meast,res the reception rad.o 

request from .he control stafon side. Moreover, in .he sys.em 

0 .he measurement of the reception radio strength levels for .he 
learning and Ure post.ion es.ima.ion is done even during .he 
conversation, so .ha. .he learning and .he es.imation of .he posi.ion 
become possible even during Uie call, 
•■•in'll frbodimen. 
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Still further, a description will be made hereinbelow of an 
operation of a radioconununicaiion system based upon a detection 
method (or system) of a position of a radio mobile station according 
to a ninth embodiment of this invention. Fig. 11 is a block diagram 
schematically showing an arrangement of a radiocommunication 
system adopting a position detection method according to the ninth 
embodiment. Fig. 12 is an illustration of an example of an 
arrangement of a position detection unit in Fig. 11, and Fig. 13 
shows an image of this system. In Fig. 11. numeral 1151 
represents a mobile station, numeral 1152 designates a radio 
strength measuring section for measuring radio strength levels 
from a base station, numeral 1153 denotes a control section for 
issuing measurement instructions to the radio strength measuring 
section 1152 and further for controlling radiocommunications, 
numeral 1154 depicts a mobile station transmission and reception 
section for taking charge of transmission and reception in 
radiocommunications, numerals 1155, 1 156, 1 157 stand for base 
stations, numeral 1158 indicates a communication control section 
for controlling communication with the plurality of base stations 
1155, 1156, 1157, numeral 1159 signifies a transmission and 
reception section for transmission and reception in 
radiocommunications. numeral 1160 represents a control section 
for controlling communications between the mobile station 1151 
and the communication control section 1158, numeral 1161 
designates an input and output section for communications with the 



communication control section 1158, numeral 1162 denotes a 
net\^ork. numeral 1163 depicts a position information center, 
numeral 1164 signifies a communication control section for 
performing transmission and reception to and from the network 
1162 to control a position detection processing, and numeral 1165 
stands for a position detection unit for detecting a position 
controlled through the communication control section 1164. 

Furthermore, in Fig. 12. numeral 1201 represents the position 
detection unit in Fig. 11, numeral 1202 designates a radio strength 
data storage section for retaining position information expressible 
Nvith continuous values and obtained at a plurality of measuring 
points and radio strength data comprising reception radio strength 
levels from a plurality of base stations obtained in a mobile station, 
numeral 1203 denotes a position detection section for comparing 
the radio strength data in the radio strength data storage section 
1202 with radio strength levels at a position detecting point to 
estimate the position of the mobile station, and numeral 1204 
signifies an error radio strength data storage section for holding a 
plurality of radio strength data not involving a large error. Still 
further, in Fig. 13, numeral 1301 represents a mobile station, 
numerals 1302, 1303, 1304 designate base stations, numerals 1305, 
1306. 1307 denote radio zones of the respective base stations 1302, 
1303, 1304. numeral 1308 denotes a control station, numeral 1309 
depicts a position detection section, and numeral 1310 stands for a 
radio strength data storage section. 



In a radiocommuricaiioi, sj-sicm accordinj lo this 
-bodin,.„,, i„ „ses Where as shoun .„ R^. ,3 .h. a,ob„e suuon 
1301 si„uJ,aneousJy stands within the respective radio zones 1305. 
1306, 1307 of the plurality of base stations 1302. 1303, 1304 the 
5 position detection section 1309 and the radio strength data storage 
sectton 1310 of the control station ,308 detect .he position of the 
mobile station 1301 on the basis of the strength levels of radio 
siinals of the base stations 1302. 1303, 1304 n,easured by the 
mobile sta„o„ ,301. The operation of the radiocotnmunication 
0 syste. according to this enrbodiment is divided i„,o a preparation 
for rnputting „e positional inforn,ation of a pluraUty of n,easurin. 
Pcnts w.,h.„ a service area and the radio strength data con,prisi„". 
-ceptton radio strength levels fron, a plural.ty of base stations i„,"o 

rad.o strength data storage section 1202 tn ad^■ance and a 
detection process for estimating the position of a ™bi,e station on 
•he basis of the stored radio strength data. As the way to rnp.t the 
^ata tn the preparation, ntethods are available to con>n,unicate and 
-put .he reception radio strength levels from a plurality of base 
-.tons n,easured by a .obile station, together with the positional 
.nforr^ation, in real time or ,o together input the reception radio 
strength data from base stations measured in an online way 
••.rough a Wire connecon. However, in this instance, the radio 
strength data is already inputted into radio strength data storage 
s--..on. and the description of the inputting way is omitted for ^ 
brevity. 



Refenins .0 a flow chm of Fig. HA. a description will be 
:..de bereinbelow of an opera.ion .aUn un„l the present posuion 
of a mobile station is estimated after the mobile station .ssues a 
posifon detection request. The control section 1153 of Ute mobile 
station 1151 waits for a position detection request (step 401). the 
posttion detection reques. being arbitrarily tnade at a timing 
accordtng to an input command from the user a. an arbitrary, point, 
a, a timing on a system operation or at a constant titne inter^.al. In 
response to the position detection request, the control section 1153 
oives instructions for radio strength measurement, and the rad.o 
;„en.th measuring section 1152 measures the radio strength levels 
,„m or due to a plurality of base sutions (step 402). Because the 
,adio strength is unstable due to the presence of the external 
factors such as the fadmg caused by .he multi-pass and the 
environmental variations, for the measurement thereof, there are 
emploved various ways based upon statistical processing, for 
example, the measuremen, of the rad.o strength is conducted a. a 
.iven time interval or plural t.mes so that the measurement results 
are averaged, the weighted mean thereof is calculated or the 
, maximum value thereof is taken. The description of the radio 
strength measur.ng way in this embodiment v,iU be omitted here. 

After the measuremen. of the radio strength levels from the 
plurality of base s.a.>o„s, the control section 1153 selects, for 
example, the base station 1153 producng the maximum radio 
5 strena.h level and transmits the reception radio strength data 
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through the mobile station transmission and reception section 1154 
to the base stanon 1153. In the base stauon 1155. the base station 
transmission and reception section 1159 receives the reception 
radio strength data from the mobile station 1151 and the base 
5 station control section 1160 judges the kind of data and then sends 
the reception radio strength data through the input and output 
section 1161. the communication control section 1158 and the 
network 1162 to the position in.'ormation center 1163 (step 403). 
As the reception radio strength data to be transmitted here, there 
I 0 are the radio strength levels from all the base stations the mobile 
station can receive, the radio strength levels from all the base 
stations which exceeds a given value, and the radio strength levels 
from a specified number of base stations which are taken in the 
order of decreasing strength. For the illustration only, the 
5 description will be made of an e.xample of reporting the higher four 
base station radio strength levels. 

When receiving the reception radio strength data, the position 
information center 1163 passes the reception radio strength data to 
the communication control section 1164 and the communication 
) control section 1164 then conveys it to the position detection unit 
U65 to estimate the position of the mobile station 1151 to obtain 
the estimation result (step 404). The estimation result obtained in 
the position detection unit 1165 returns through the network 1162. 
the communication control section 1158 and the base station 1155 
to the mobile station 1151 (step 405). 
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P^nhermore, r.fe.ins .0 F,g. UB. a aesCp.ion wi., be made 

co„a.c...n.heposuio„ae,ec,io„..i.n65. In F.. U. -.e 
posmon ae>ec.o„ unU HO. cone.pon.n. .0 .he po..o„ .e>e. o„ 
, „„, . P.. n accepu .e «cepUo„ ... s.en,. aa. U U 

E„ (B^ E2), (B3. E3,, (B4, E4„ b.ed upon *e rad.o sue„|* le.els 
H, E3 E4 from >he base s.a.ons Bl. B2. B3. B4 (step 411). The 
,.a.o';.ens.h aau s,o.se «c.lo„ U02 .e.a.„s .a.o s„e„,>h aa. 

po..,ona, .,o™a..on on a pl.a... of mea.nn 
,0 po.. ana the recepUon .a.o .re„,. leveU from a p.«M>. Of 

, ..n.h aa.a .0.. .con 1.03 (.ep 4n 

■ .bi.a.> a,s.nce function p sa« .he following 

.0— a.euseafotfheca,cu,a„on,o.uasethe distance on the 
,.,softheKsul,an,e„crS. The tea, number p .Mch .s not 

,0 X 10 satisfy the following conditions, 

„ p ,).0. on the other hand, if pU,y) = 0.'' = y 

2) p y) = p (y- ^ 

3) in terms of arbitrary three poims x, y and z. p (x. z) - 
p (X. y) + p (y, 2). 
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A d,.,a„« c^lculadnj method will be described here,„beIow 
.He case of. for exarnple. usi„. ,be Euclidean disunce i„volv,„, 
■he concept of a general d.stance^ The position detection „„i, l,"oi 
r«e,ves the radio sue„o,h levels El, E2, E3 and E4 frotn .he four 
5 base stations Bl B2 R1 j ■ 

ii2, B3 and B4 producing the hi|her radio strennh 

levels. In ,he case that the d.stance between the received radio " 

data ((Bl. E„. (B2. E2,. (B3. E3). (B4. E4), and the jth radio 
-en„h data ((BSjl. Ejl,. (BSJ2. Ej2,, (BSJ3. EJ3,. (BSJ4. EJ4), 
«.atned in the radio strength data storage section ,202 (where 
'0 BSJl. BSj2. BSj3 and BSJ4 respective., represent the four base 

s--ns producing the higher reception radio strength levels when 
-ccved a, .he jth radio s.rength measuring point (Xi. Yi,. and Ej, 
EJ2. Ej3 and Ej4 respectively designate the reception radio strength 
_ ievels front these base s,a„o„s, is calculated using the following^ 
base stations under.oin. the 
comparison all coincide with each o.her. that is. Bl = BSj, B. - 
BSj2. B3 = BSj3 and B4 = BSj4. 



20 



V (Ej, - E,)' + (E„ . E3)= H. (Ej, . E3)= + (E,, . Ej)= 

Even ,f the base stations undergoing the comparison do no, all 
cotncide wi,h each o.her. the calc„la.ion of .he dis.a„ce. i e the 

from the base stations wh.ch are in „o coincidence relation to each 
Other are set to 0 and added. 



With .he decision result of .l>e magni.ude of the error thus 
c.,cul«ed. 3 plurality of enors selected fron, the calculated errors 6 
,„ the order of .ncreasing voltage and the position coord.na.es at 
.,at tin.e are stored in the error radio strength data storage section 
,204. whereas the position detection section 1203 stores the 
posttion coordinates (x, y) at that point and the calculated enors 8 
i„ the error rad.o strength data storage section 1204 (step 414, 
„„,il the number of data retained in the e„or rad.o strength data 
3.oraae section 1204 reaches k (k: an integer being 2 or more) (step 
413) When the number of radio strength data retained in the 
error radio strength data storage section 1204 reaches k (step 413). 
.he k enors 5m (1 <- m <= W retained in the error radto strength 
data storage section 1204 and the position coordinates at that t.me 
are set as follows and arranged in the order of increasing error, 
((xm, ym). 8m) (1 » m <= k) 

The position detection section 1203 compares the calculated 
e„or 8 with the largest 8k of the k e.ors 8m (1 <- m <= k) stored .n 
,He error radio strength data storage section 1204. If 8 is smaller 
.han 8k. the radio strength data ((xk. yk), 6k) having .he maximum 
, error in the error radio strength data storage section 1204 is 
replaced with the radio strength data based on 8 and the 
coordina.es at that time. The k radio strength data including the 
replaced radio strength data are compared in .he magnitude of 
error with each other and rearranged in the order of increasing 
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"ror, .0 .ha, .he k radio „ ,3,a are new,, p™.uced as 
follows (step 

((xm. ym), 6m ) (]<=„, <^ ^ 
This operauon is repealed .ill ,he compleUon of the 
5 comparison of all the data (siep 416). 

After .he comparison decision of all the data held in U,e radio 
s-ns.h da,a s.ora.e sec.on 1202. .he posi.io„ de.ecion secion 

' -e posiUon on .he basis of .he k radio s.ennh 

^a,a s.ored in ,he error rad.o s,re„„^ dau s.ora.e secion ,204 
As .he es,in,aUon me,hod. for example. s.a..s,ical ways arc 

-.Shted mean usinj ,he val.es of ,he errors 5 or ,he radio 
streni.h levels from .he base s.a.ions. 

^"'-^^ '"-bove description has been .ade of .be me.hod 
Of performins .^e comparison and decision of al, .he da,a re,ained 
"> radio s,reng,h da.a storage section 1202. it is easv to 
-sider a method of narrowin, down the comparison da.a wi.h .he 

.n addi.ion. aUhofsh in .he above descrip.ion the number k is 
nxed as bein. a specific va,„e ,an i„.e,er bein, 2 „ , 
descrip,ion will be made hereinbelow of a me.hod to se. .he 
-xim„m number of radio s.re„,.h da.a re.,ned .n .be error radio 

'''' '2<«.on,and.ovaryU,e number K 

_ accordance with .he degree of .he eaor. In .he case of k - 5 ,e, 



BNSDOCID: <GB 



1204 retains the following 5 sets of coordinate data and enors 
.hich are arranged >n the order of ir^creasing error. 

1. ((33. 24), 2.57) 

2. ((31. 22), 4.61) 

3. ((34. 22), 4.78) 

4. ((31, 57), 16.12) 

5. ((34. 59), 18.34) 

The differences between the errors of these 5 sets of radio 
strength data are as follows. 
Error 

1- 2 2.04 

2- 3 o.n 

3- 4 11.34 



A. obvious fron, .his, .he difference between the errors of the 
,h,rd and fourth seu is large. In .his instance, .he fourth and 
fonowin. se.s of da.a .nvolve a large error and can be considered to 
be low I reliability. For exantple, let it be assumed that, when the 
„ror difference is 5 or tnore, the following data are not treated as 
, the data, the number . ,s se, to k = 3 so that the estimation of the 
position is made o„ .he basts of .he 3 rad.o srreng.h data, thus 
promoting .he position detection accuracy. 

AS described above, .he position detection section makes a 
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Position detection to deieci the- n«r-,- 

" °" t)ash of a p]uralnv 

0^ radio sirenoth data invoJvinc a .m»M 

" retained in the errnr 

; "7':" ' ra„,e s.... ... 

intervaJ betu-p^'n r;,» ^ 
t>etueen the measurinc pofms. 

«c..o„. ,he number of rad.o ..e„j,h ,3,3 is cha„..d • 
■0 .h= deore. of .he , '"="8'" ,„ accordance 

=.«c of .he error .0 enhance .he posi.io„ de.ec.ion 

general, increasing the number of • 

. nieastinng points or increasing 

the number of times nf 

limes of measurement at the sam? m.,. • 

P-'-' - Of ,he accac 

-0. .a,, ava„a.e .0 .he po...„ de.ec..„ 

' ' - .0 

rzrr:^'-'^''"--"' ------ 

when ,he po.„on .a„aji„j cen.er .^ana^.s .he 
r"'°" r^^"- - - - or rad,o .er J , 
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p,ac.icab.e as v..,, a. the a„a„scn.e„. *.s en,bodi™e„.. 
Refe.insnow,oFU..5.ad«cripao„wn,ben,ade 

,e..nbe,o. o, a. op«a.io„ of a ^adiocon^un.ca.ion sy..^ - 
„po„apo..ona=...o.n.c.oaofa»o.U=...o„acco.^ 

P0..o„ ae.ec.o„ .n .e .n. ...oa„ 

..i^ins "dio s.re„s>haa.a compnsins pc.Hio„a> info... ■ - 

p,ural„y of measuring points, »pressibl. wi.h con,: 

,„a r.c=puon radio s«ng,i. i-e.s from a plnrali.y o. 

„u„„a, >503 a«pi.s a pos.uon d.ecion sec.ion ^'^^^^^^ 

:l„.O......aios.reng.Uve,sa,aposi,ion c^.ng 

„ es.i.a« .e posi.on of a .oM.e s.a.ion, nun>«a, 5^ 
Us=nu an error raaio s«ng. aa. s,orase s«uon for H0.a.n. a 

p>„raH,y of radio s.,ens.haau involving a. nraU error, and 
,0 Lmera, .505 .a.ca.es a posiUon de.c.on Uno..edge secuon 
Having a .nowiedge on a person o.ng a radio n,obiie s.uon. an 
acion rule and a schedule of .ha. person ana others. 

For .he radioco-nmunicauon sys.e. adopting .he pos...on 
„e.hoa according .o .his e..odi.en., a descrip.ion ... 



l:>02 and an exampje i„ .u,^ »pr.s.M, 
ccn,i„„„„s values such as coord.na.s ,en,porari,, stored in the 
error rad.c strength data storage sectton ,504 are applied to 
positions expressible with discrete values such as a region nan,e a 
root, nu.,er and a roo. „a.e. The other basic arrangements of 

syste,. are the satne as those in the ninth en,bod™en,. and the 
operational flow is the sa»e as that shown i„ Rgs. ,4A and ,4B 
An operation fo, detecting the position expressible with a discrete 
value „i„ be descnbed here.nbelow with reference to Fi, ,5 i„ 
>0 addition to the now Charts of Figs. ,4A and I4B. ,„ this^case a 
™m nutnber is taken as the pos.tion expressible with the discrete 

• '° "'P is the same as ,ha, in the 

ninth embodiment. 

' ^ AS in the case of the n.nth entboditnent, the position detecUon 

-„on ,503 successive,- contpares the reception radio strength 
- "Ch point, retatned i„ ,hl 

the calculated errors .0 .tore the room number at U,at time and the 
H'""*'"'^' storage seeuon 

a. .ha. poin, and the calculated etror . i„ .he error radio strength 
7 '"^ -"berof data in 

-ber. a: an integer being, (step 4,3, On the other 



hand when the number of da,a in Che enor radio sueng.h data 
,ora.e section 1504 reaches k (step 413). .he position de.eoon 
secuon 1503 compares ,he calculated error 6 wi.h the . radio 

,504 and, if 6 i. smaller, replaces .he radio s.reng.h da.a involving 
.,e n.aximum enor in .he error rad.o srreng.h data s.prage sec.ion 
,5044 with .he room number a, that time and the error 6 (s.ep 
4,5). This opera.ion is repealed .ill the completion of .he 
comparison of all the da.a (siep 4,6). 

After the comparison and decision of all the data in the radto 
strength da.a storage section 1502. the position detection sectron 

k radio strength data reta.ned in .he error radio s.reng.h da.a 
„ora« secion 1504. for example, as .he es.ima.ion me.hod, a 
method can be ..en .0 simply malce a majori.y decis.on. ^h.le t. ,s 
possible .0 fur.her es.imare .he degree of .he reliabili.y of ,he 
estimation result as a function of .he rate of the estimated pos.uon 
,„ the k radio strength da.. For example, when k = 5, if all the f.ve 

, .oom number Toom 201". .he decision can be made to that the 

detected position must almost be "room 20,". Assuming that 3 data 
of the 5 data sigmfy -room 201 and 2 data thereof show "room 
,0r- the "room 201" cons.i.n.es 60^ while .he "room 202" occup.es 
■407,' Accordingly, the decision is made .0 that probably the mob.le 



station exi.,s in ,he •Toom 201 -, bu, ,he,. I, a possibility ,ha, i, 
Stands in the "room 202". 

In addition, >h. detection accuracy can funher improve i„ a 
n>an„er of using, a, ,he position =stin,ation. ,hc knowledge on the 
i person carrying the mobile station and the action rule and schedule 
of that person retained in the position detection knowledge section 
1^05. Fig, 16 shows an example of .he layout of rooms and the 
following table shows a knowledge on the connections of persons 
carrying mob.le stations to each of the rooms shown in Fig 16 A 
.0 descripfon will be taken here.nbelow of a method to estimate the 
posmon Of the mobile station using the knowledge in the position 
detection knowledge section 1506 with reference to tie followin. 



tabJe. 



Room Vo 



Tablg 



Janak^ Suzukj Yo.hiri. 



room 20] reception 
room 

room 202 first council B b b 

room 

room 203 president a c 

room 

room 204 second fi B 

council room 
room 205 development B c 

and manage- 
ment division 
room 206 business B a 

department 



A C 

room 



room 207 computer C C. A 

room 

room 208 copying room A A A 



In the table , symbols A. B and C signify the degrees of the 
connections to persons and the meanings of the symbols A. B and C 
are as follows. 

A ; room used frequently 
B : room used sometimes 
C : inhibition of entry or room seldom used 
For detecting the position of one person, for example Mr 
Yoshida, in the case of k = 5. assuming that as a result of the 
detection processing, of the k radio strength data in the error radio 
strength data storage section 1504. 3 data show "room 201" >^'hile 2 
data show "room 202". judging from the knowledge table it can be 
considered that Mr. Yoshida seldom uses the room 201" being a 
reception room, and therefore it is possible to estimate that the 
detected position is the "room 202" being a first council room. 

Furthermore, it is also possible to employ a method for 
estimating the position of a mobile station in cooperation with a 
different system such as a council room reservation system and an 
ir^dividual or group schedule managmg system which is used as the 
position detection knowledge section 1506. An estimation method 
will be described in the case of employing, as one example, a 
council room reservation system shown in F.g. 17. In this case, let 



.a. . _ ^„^„^.^ 

'oon,20r-, Ti'e posi.io„ ae.c.on k„ow,ed,e .a,„„ ,506 
- pe.od or .e or oo.„cn ,oo™. 

- .MS .„o.,.„. a„ „„„a,.„ . „ade ,0 ..a, 

room 202". * 

JV.S ad«c„puo„wn,be.k„ofa„„.i.a.io„.e.,od,o 

7""' " ed...e .™.a...a, 

--—-.and., .SsHo«a„„a.p,.ora„e,..o.. 
™. .ap. ,a«d on ,.e .0™ . 



of .a.o..ve— ion, varies doe, .0 .he .agni.udes of 

AUhou^h .he neighboring reU.ion.hip be.ween .he roon,s can 
i„.o,v:.he connection relationship in .he neighboring leng.h .he 
„.o..he cen.e.cf.he .00™ and o.he.s. for U,e s.^pUc, 
U,e descr,p.,on will be .aken of an example graphed on .he 
„io„.ha,.he connecing— hip is presen. if .he roo»s 
o*er .han corridors are in ne.ghboring relarion .0 each o.her. 
,„ .he case of de.ecing .he posi.ion of one person, for 

u^r, V - as a result of the 
example Mr. Yoshida. assuming .ha., when W 5. as a 
„ processing, 3 aa.. of .he radio s.rens.hda.a .n .he err 
,aa,o s.reng.h da.a s.orage sec.on ISO. show .oom .0. one d . 

„e.hbor,ng room graph i. is supposed .ha., because .he room .0. 
indicated by one da.a ,n .he error radio s.reng.h da.a s.orage 
„c.ion.50. isno.adjacen..o.heo.her -room 205" and .00™ 
,06- .he da.a conesponding .0 .he "room 202" rs .ncorrec. 
Wbeieupon. 1, is presumed .ha. probahl. Mr. Yoshida ma. exis. .„ 

adiacen. .0 .he "room 205-, 

AS described above, a. .he position de.ec.ion d,e rad.o 



posn,on usin. . statistical n,..h„a o„ ,he basts of a pl„al.,y of 
radto strenith data involving a comparisot, „rot which ar= 
rcatned i„ ,he error radio strength data storage section and 
~ the d=„ee of the reiiabiiit, of the position detection result 
^ U,roc,h the ttse of a statistical method ttstn.. for example the 
occ.pyin, rate of the estitnated position to .he plurality ,„ 
addttton. if ustn, the knowledge on a person and the action rule and 
-hedule Of that person, the data with a low entry possibility such 
as the inhibition of entry .s removable, whereas the data with a 
y .ntry possibility can be selected, thus developing the position 
detection accuracy. 

Furthermore, when „sino ,he k„owled,e on the ntu.ual 
relationship between a plurality of positions expressible with 
discrete values, it is possible to remove the data remote in 

" ' P'""'">' data held in the e,.or 

radio strength data storage sectton, and it is possible to decide 
*H=ther or no, the position is in the vicinity of the boundary 

accuracy. The position detection accuracy depends upon ,he 
0 .nterva, between the measuring point in .he preparation, and in 
leneral. if increasing the number of measuring points in the 
preparation or increasing the number of times of measurement at 
■he same measuring point, ,he accuracy heightens. 

Although for the Simplicity in the above descript.on the 
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radio strength data storage section 1202, as well as the ninth 
embodiment it is easily possible to employ a method to narrow 
down the comparison data using the base station IDs to speed up 
the processing. 
Flfvp.nth fmhnriiment 

Referring to Fig. 19. a description will be made hereinbelow of 
an operation of a radiocommunication system based upon a radio 
mobile station position detection method according to .n eleventh 
embodiment of this invention. In Fig. 19. numeral 1701 stands for 
the position detection unit of Fig. 11 in the ninth embodiment, 
numeral 1702 designates a radio strength data storage section for 
retaining radio strength data comprising positional information of a 
plurality of measuring points expressible with continuous values 
and reception radio strength levels from a plurality of base stations, 
numeral 1703 represents a position detection section having means 
10 compare the radio strength data in the radio strength data 
storage section 1702 with radio strength levels at a position 
detecting point to estimate the position of a mobile station, numeral 
1704 denotes an error radio strength data storage section for 
retaining a plurality of radio strength data involving a small error, 
numeral 1705 depicts a position accumulation section for 
accumulating the positions estimated in the past, and numeral 1706 
signifies a history decision section for deciding a position on the 
basis of the data in the position accumulation section 1705. 
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A radiocommunicaiion svstm .j 

'y""" '"om"'. a posihon de.ecion 

^esid« .pe„,„„, , ^^^^ 
~ de,ec.., op„,,„„ , -.of.h=n,e.odorde.c,i. 

r:™- - ^ -^^ — - - - ca„ ; 

-e„..e, „„p„„ ^^^^^ ^^^^^^^^ 

-0 ^^^^^^^^ J 

"c.io„ ,702. and afar ,he , 
Of the rnm,^ • compleiion 

the comparison and decision of aJJ the data ,h. 
--ion 1703 estin,a.es the •• ''''''''''' ^'^^^^n ,.^uuon 

estimates the posH^on on the basis of the k radio 

:::::::::r;r;;r 

In the position detection unit 1701 rh. 

s.ar:::;::r'^--"^^ 

Tk^ c\ery mobjie station 

The posHion detection section ITO^i nK. ■ . 

or the mobjie station on the baoc «f ,u , 

basis of the k coordinate data stored in . 
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.He pos„.o„ coordi.3«s .0 ,h. h.s.or, decision secuon 1706. The 
,,.or,ae.cc.io„s«.io.n06.e<e. .o pas. posi.o- his.o.. of 
su.,on accu™.a«a in .he pos.Uon accu.uiaUon secuon 
3 n05 .0 chec. whe.he, .he coo.aina.es o, U.e p.«en, posi.ion of 

are appropriate or noi. 

various *.ays can be .al.cn as .he decision cri.crion. For 
e„n,p,c, .hc aec,s,on can .c .ade chcc.in, whe.her .he .ovin, 
,0 speed calco,a.ed on .he bas.s of .he es.i.a.ed posHion inuned.a.e.y 
.efore, .he .i.e of .he es.i.a.ion and .he presen. posiUon, .he ...e 

appropria.e„ess is judged on .he basis of U,e degree (an an.le 
„3de bv a moving vec.or. or .he like, of .he devia.ion from .he 
^ovin/d-recon .nd.ca.ed by a dra.n pas. posi.ion his.ory locus. 
;ur.hern,ore, in .he case .ha. .he n,eU.od of deciding .he 

,pp„ed .0 .he de,ec.,o„ of .he posi.ion expressible .i.h a discre.e 
value in .he .en.h en,b„dimen.. .he his.ory infor.a.ion such as 
.0 .in,e sumps and .he room numbers accumula.ed in .he posi.ion 

.cumu.a.ion sec.on 1705 can be considered .0 be accumula.ed .n 
, ..a.e «i.h being divided in.o a shor.-.erm his.ory accumulaung 
„e posi.ion es.ima.ea immedia.ely before and .he ..me and a long^ 

,3 mon.hs. accumula.ing .he pas. experiences such as .he places .0 
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' """""^ °" °' ^>.or-,er„ historic. The 

shon.,e™ ws.„ry ca„ be .sed for ,he decision of U,c 
app,o,.3.e„ess of .,e p„.i,o„ es,.„a,ed f.o. ,.e .ovi„, ^peea o. 
".e ,oc. as described above, wbiie ,he io„g-e™ b.s.or, can be 
U"d .ba,. ,„a,i„, fron, .be ions-e™ bistor, wbcber or no. 

«' -ve.en. .bere.o. of .be k radio 

-"^'^ ^ndica..ve of ,be pos.,iona. i„for.a,ion wi.b 

e.„ 

a,.os, nopossibi,i.,of.ove„e„..,b„s enhancing U,e 
detection accuracy. 

If the decision is „,ade ,o .ba, all .he k da.a are no. 

appropria.e.fore„.p,e,.heposi.io„de,ec.ionsec.io„n03a,a.„ 

-es ,he radio s,ren..h repor. re,.s. .0 res„.e .be posi.io„ 

detection. 

^-"^-I'-V. -en if a lar^e variation of .beelecric field 
^-.^"Uonofabase s.a„o„ occ.rs, , be radio co„»„„ 

0 ;r;r --^^-^ - 

»PP-P'i«"ess Of ,be es.i.a.ed 
""""'"^ "^^ --^"^ - IOC. or .be ,i.e on 

*e''-of.besbor..„r„his.or. Punher, nsin, .he lo„,.er„ 
^-OO. .he J„d,n,e„. of ,he appropriateness of .be es.i.a.ed 

Pos-.,on.s possible on .be basis of .epossib., of „oven,en, on 
P«. experience. »W.heless, if .be rel.abili,, i„ .be accnrac. 



-96- 



of the posiuon de.ccion of mobile st.uon obtained .n .he 
position estimation process.ng section is expected to be Ic, the 
posUion measurement in the mobile station is aga.n done to 
.peatediy ca„y out the position estimation so that the accuracy 
and reliability of the position detection improve. 

With the position detection method according to th.s 
invention, in the firs, place, in the ease of detecting the posiUon 
expressible wi.h con.inuous values such as coordina.es. the position 
detection section compares the rad.o strength data in the rad.o 
strength data storage secion with the reception radio s«ng.h 
levels for .he position de.ec.ion to de.ec. .he posu.on on .he bas.s 
of a plura,i.y of radio s.reng.h da., involving a small enor re.ained 

es.imated pos.tion is no. limi.ed .0 .he acual measuring po.n.s 
3„d the estimation of the position is possible wi.hin a range smaller 
than the interval of .he measuring points. 

In the nex. place, a plurality of radio s.reng.h da.a of .he 

measured in .he mobile s..ion are used for .he pos„ion de.ec.ion. 
0 »,.h the resul, .ha. it is possible .0 de.ec. .he posi.ion such as a 

room expressible wi.h a discre.e value and fur.her .0 es.ima.e .he 

de.ree of .he reliabili.y of Ihe es.ima.ed posi.ion. 

Furthermore, by using .he knowledge on a person and .he 

acion rule or schedule of .ha. person a. the posiUon es.ima.ion. .. 
5 is possible .0 leave a,e da.a wi.h a low possibili.y of movemen.. 
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such as the inhibition of entry to a room, out of consideration 
whereas it is possible to select the data with a hich possibility of 
movemeni. thus improving the position detection accuracy. 
Still further, by using the knouJedge -on the mutual 
i relationship between a plurality of positions expressible with 

discrete values, the data remote in connection are removable from 
a plurality of radio strength data stored in the error radio strength 
data storage section, and it is possible to decide whether or not the 
position is in the vicinity of the boundary between rooms, which 
car, improve the position detection accuracy. Moreover, the 
number of a plurality of radio strength data in the error radio 
strength data storage section is changed in accordance with the 
magnitude of the error, thereby improving the position detection 
accuracy. Further, the moving speed or the locus is calculated from 
a shori-term history to decide the appropriateness of the estimated 
position, with the result that the improvement of the position 
detection accuracy u possible. Further, usmg a long-term history, 
the appropriateness of the estimated position is judged on the basis 
of the moving possibility on the past experience. 

It Should be understood that the foregoir^g relates to 
o.:y preferred e^odi.ents of the present Len'ti al^at 
-t.s .,, ended to cover all changes and modifications of the 
e^od..ents of the invention herein used for the pu.^oses of 

scope of the .nvent.on as defined in the appended claims. 

.h.s appl.cataon describes subject tt^atter in common with 
vide'd ^^^^^ ^^^^ application i 

Of a . T ^ °^ ^^^-^-9 position 

Of a .ob.le station in a radioco^ication system, and he 
rad.ocommunication system, using a neural network 
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1. A systen. for detecting a position of a radio ..ooi.e 
station in a wireless radiocoirununication system for 
radiocoiroaunications between said mobile statxon and a 
...rality of base stations, said detection system co.pr.sxng. 

a radio strength data storage section for retaining 
>-adio strength data including positional information of a 
;^urality of measuring points expressible with a continuous 

and reception radio strength levels fro. said plurality 
o. base stations at said plurality of measuring points; ^ 

a position detection section for comparing said raaio 
strenath data in said radio strength data storage section 
with radio strength levels at a position detecting point, and 

an error radio strength data storage section for 
retaining a plurality strength data involving s.all errors ox 
errors serving as comparison references in said position 
detection section, and further for retaining tne 
corresponding position information at that time. 

Wherein said position detection section estimates ana 
detects a position of said mobile station on the basis of 

d Plurality of radio strength data stored in said error 
.adio strength data storage section so that the detected 
position is not limited to said measuring points but is 
Within a range smaller than an interval of said measuring 
points . 

2 system £cr detecting a position of » radio .,obile 

station in a wireless radiocoimunication system for 
.adiooommunications between said mobile station and a 
plurality of base stations, said detection syste. compr.s.n.. 

a radio strength data storage section for retaining 
radio strength data including positional information of a 
Plurality of measuring points expressible with a discrete 
Tai:: an: reception radio strength levels from said plurali. 



of base stations at said plurality of measuring points; 

a position detection section for comparing said radio 
strength data in said radio strength data storage section 
with radio strength levels at a position detecting point; and 

an error radio strength data storage section for 
retaining a plurality of radio strength data involving small 
errors of errors serving as comparison criterion in said 
position detection section, and further for retaining the 
corresponding positional information at that time, 

wherein said position detection section estimates and 
detects a position of said mobile station, expressible with a 
discrete value, on the basis of said plurality of radio 
strength data stored in said error radio strength data 
storage section. 

3. A position detection system as defined in claim 1 or 2, 
further comprising a position detection knowledge section 
having a knowledge on a person carrying said mobile station 
and an action rule or a schedule of said person, said 
position detection section implementing the position 
detection on the basis of said plurality of radio strength 
data in said error radio strength data storage section and 
said knowledge in said position detection knowledge section. 

4. A position detection system as defined in claim 3, 
wherein said position detection section is equipped with a 
position detection knowledge section having a knowledge on a 
mutual relationship between a plurality of positions 
expressible with discrete values, and performs the position 
detection on the basis of said plurality of radio strength 
data in said error radio strength data storage section and 
said knowledge in said position detection knowledge of 
section. 



A position detection system as defined in any one of the 
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preceding claims, wherein the number of radio strength data 
retained in said error radio strength data storage section is 
changed m accordance with an error between the radio 
strength levels at said position detecting point and said 
radio strength data in said radio strength data storage 
section for the position detection. 

6. A position detection system as defined in any one of the 
preceding claims, wherein said position detection section 
includes position accumulation means for accumulating 
positions of said mobile station estimated during a short 
term in the past and history decision means for deciding an 
appropriateness of a position of said mobile station 
estimated on the basis of said radio strength data retained 
in said error radio strength data storage section, and said 
position detection decides a moving situation of said mobile 
station on the basis of the position of said mobile station 
estimated immediately before, the time of the estimation, the 
present position of said mobile station estimated and the 
time of the estimation of the present position to judge 
whether the estimated position is appropriate or not, and if 
not appropriate, said position detection section again 
performs the position detection. 

7. A position detection system as defined in claim 5, 
wherein said position detection section has long-term history 
means for accumulating experiences on places to which said 
mobile station moves in the past and frequencies of the 
movement to said places obtained by processing the positions 
of said mobile station estimated during the short terms in 
the past to decide whether the estimated position is 
appropriate or not, and if not appropriate, said positi 
detection section again performs the position detection. 



tion 
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8. A position detection system constructed and arranged to 
operate substantially as hereinbefore described with 
reference to and as illustrated in Figures 1 to 19 of the 
accompanying drawings . 
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